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3aHHTHH no MaTeMaTHKe - jihctkh h flnajior 

A. K. KoBajibfljKii, A. 51. KaHejit-BejioB 
9 (J)eBpajia 2015 r. 


OflHajKflbi a npoBeji b pa3MBiniJieHiiax pejiBiit ji,eHb 6e3 e,n,bi h pejiyio hohh 6e3 CHa, ho a HHiero He 
Ao6hjich. Bhijio 6bi jiyame nocBHTHTb to BpeMH yneHHio. Tot, kto yHHTca He paaMbmuiaa, Bnafler b 
3a6jiy>KfleHHe. Tot, kto paaMbmuiaeT, He acejiaa yHHTbca, OKaaceTca b 3aTpya,HeHHii. 

YaHTbCH h He flyMaTb - 6ecnojie3HO, a flyMaTb h He yHHTbca - onacHO. 

KoHfpypnii 


1 BBe^eHHe 

B KpyjKKax h MaTeMaTiinecKiix Kjiaccax nojiymijia pacnpocTpaHeime t.h. “jiHCTKOBaa CHCTeMa”, KOTopaa 
b ciuiy TexHPiaecKoro y^oScTBa noBceMecTHO BbiTecHaeT iiHBie cjiopMbi 3aHHTHi"i@ 

OopMbl JIHCTKOBOH CHCTeMbI MOryT BapBIipOBaTBCH, HO, B o6lH,eM H pejIOM, OHa 3aKJIIOHaeTCH B CJie- 
^yiom,eM: 

1. ynamneca nojiynaiOT jiiictkh c 3a^,aHaMii. HHor^a Ty^a BKjnonaeTca MHHHMyM Teopnii. 

2. PemiiB 3aflany, ynamHiica no^HiiMaeT pyny, k HeMy no^xo^HT npoBepaioinHii. 

3. Ecjhi 3aflana perneHa npaBiuibHO, ynaipeMyca b BeflOMOCTb bhochtch 3Hax “njnoc”. 

4. HHane eMy npaxofliiTca flyMaTb ^ajiBine. 

5. Hmciotch Tpe6oBaHiia no KOjiiraecTBy pemeHHbix 3a^aH k onpeflejieHHOMy epoxy c yneTOM iix cjiojk- 
hoctii, HCKOTopbie salami oSbhbjihiotch o6a3aTejibHbiMii ,h,jih pememia. 

OflHa H3 u,ejieii jihctkob — ocBoeHiie hoboh o6jiacTH MaTeMamKii b npopecce paSoTbi. CHanajia npo- 
bo^htch “jiHK6e3”, Korfla nepemicjiaiOTca Heo6xofliiMbie cjiaKTbi h noHaTiia, a ^.ajibine, no Mepe B03pacTa- 
hhs TpyflHOCTH 3a,a,aH, yneHHKii caMOCTOHTejibHO BbiCTpaHBaiOT Heo6xo^iiMyio Teopino, h pojib ynHTejia 
3aKjnonaeTca b npoBepne h KoppeKTiipoBKe iix caMOCToaTejibHoii pa6oTbi. 

CucTeMa jihctkob Cbirpajia no3HTHBHyio pojib ii b pyKax npocjieccHOHajiOB ^ajia npeKpacHbie pe3yjib- 
TaTbi, ho co BpeMeHeM OHa CTajia noBceMecTHO ncnojib30BaTbca ii bo mhotom noTepajia H3HaHajibiibie 
CMbicjibi h TpaflHH,Hii. IlosTOMy B03HiiKjia Heo6xo^HM0CTb oScyzpiTb neflaroriinecKiie pejin, kotopbim OHa 
cjiyjKiiT, a TaKace niibie n,ejni, .zyia floCTnacemia KOTopbix Tpe6yeTca fliiajior h ^pyrne cjiopMbi pa6oTbi, 
HesacjiyaceHHO OTOflBHHyTbie b CTopoHy. 

Mbi oScyjK^aeM HCTopiiio Bonpoca, 3aTeM - .nocTOimcTBa h ne^ocTaTKii jihctkoboii cucTeMbi. A ajiee 
npiiBOfliiM npiiMepbi tcm 3aH3THH, r^e hco6xo,h,hm .ipiajior. B KOHpe mbi roBopiiM o CHHT63e cucTeMbi 
jihctkob ii ^najiora. 


2 Hctophh Bonpoca 

CoBpeMeHHbiH ran MaTeMaTimecKoro KpyacKa fljia HiKOjibiniKOB HBjiaeTca reHiiajibHbiM H3o6peTeHiieM 
A- O. IIInjiapcKoro h ecTb cjieflCTBiie c^ejiaHHbix iim HOBOBBe^eHHH. [^| IIo Been bh;;hmocth, TexHOjiorino 
IIlKjiapcKoro Bbi3BajiH k >kh3hh MaTeMaTiiHecKiie ojiHMnnaflbi, nojiyHiiBHine Tor^,a pacnpocTpaHemie. 
|f| KpyjKOK, ocHOBaHHbifi Ha peiHCHHii 3a^an, CTaji ^ocTaTOHHO siJxjDeKTiiBHbiM h ^aji 3aMenaTejibHbie 
pe3yjibTaTbi. 

1 noxo»ca5i CHTyau,HH cjio^KHjiact c MaccoBbiM TecTHpoBaHHeM (IQ, Er9, “KeHrypy"). 

2 K co^cajieHHio, ,n,o chx nop He co6paHbi BOcnoMHHaHHH o pa6oTe O. IIlKjmpcKoro n ero ne^arornnecKon TexHOjiornn. 
3 Pa6oTbi r. riojina n F. Cere, a Taitace BeHrepcKan KOM6nHaTopnKa (3HaMeHHTaa t.h. “BeHrepcKaa MaTeMaTHKa”) Bbi3BaHbi 

K 2KH3HH OJIHMnHa^aMH. 
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BMecTe c TeM o6yaeHiie HeKOTopbiM CTopoHaM peaTejibHOCTii MaTCMaTHKa Heypo6HO npoBopiiTb b 
<J)opMaTe ojiHMniiapHoro Kpyaoca, Tax hto aKTyajibHbiM CTaji noncK ponojiHiiTejibHbix (JiopM. Hanpimep, 
npoeKTHbifi (yHe6HO-HCCJieflOBaTejibCKHii) nopxop. HayaHbie KOHcjaepeHipiii HiKOjibHiiKOB 3aaacTyio npo- 
bophtch cpa3y no hcckojibkhm npepMCTaM, hto co3paeT ycjiOBiia pjia o6m,emiH niKOjibHHKaM c pa3H0ii 
cnepiiajmsapiieii. CaMOCTOHTejibHbie iiccjiepoBaHHH hbjihiotch ajibTepHaTHBHOii (fiopMoli peHTejibHOCTH, 
no3BOjiHK)m,eii yBHpeTb h pa3BHTb y niKOjibHiiKa nojie3Hbie pjia HaynHofi pa6oTbi KaaecTBa, KOTopbie 
ojinMirna;i,bi ho pacKpbiBaiOT. 3tii nopxopbi B3aiiMH0 ponojiHiiTejibHbi. Hapo CTpeMHTbca k TOMy, hto6bi 
npenopaBaTejni, HcnoBepyroipHe tot hjih iihoh nopxop, He KOHKypnpoBajiH Meacpy co6oii, a coTpypmiaa- 
jih, noHHMajm ppyr ppyra. IIpoeKTHOMy nopxopy nocBHipeHbi pa6oTbi lananzi. 

B cepeprme 60-x - Koupe 70-x ojniMmiapHoe pBiiacemie pocthtjio onpepejieHiioro miKa pa3BiiTiia. 
B aoopri ojiHMimap hkthbho pa6oTajm TaKiie MaTeMaTiiKii, KaK A. H. KojiMoropoB, H. M. PejibcfiaHp, 
E. B. ^bihkiih, B. H. ApHOJibp, H. B. BacnjibeB h ppyrae, MHoroe b TexHOJioraiii npoBepemiH ojiHMimap 
6biao Hapa6oTaHO (xoth pajieKO He bc§. He oco3HaBajiacb pojib yTeiHHTejibHbix 3apaa, BapnaHTbi 6 bijih 
xyace c6ajiaHCiipoBaHbi, aeM coBpeMeHHbie, opHaKO BKyc h HayaHoe copepacaHiie 6bum b pejiOM Bbirne). 
PaaBHBHiHHca 3apaHHbiii nopxop Bbi3Baji k hoi3hii nonbiTKii pa36neHiiH TeopeTiiaecKoro MaTepnajia Ha 
3apaan. SjieMeHTbi “jiiictkoboh CHCTeMbi” bo3hhkjih b 60-e ropbi, b aacTHOCTii, b BeaepHeii MaTeMaTiiae- 
ckoh niKOJie npn Mockobckom MaTeMaTiiaecKOM oGipecTBe, co3paHHOii E. B. ^biHKiiHbiM. 0 

2.1 IIOHBJieHHe JIHCTKOB 

HyTb no3flHee yciuiiiaMH H. H. KoHCTaHTHHOBa b Mockbc cjioaauiacb <J>opMa o6yaemiH b Kpyaacax no 
MaTeMaTHKe - jihctki-i c 3apaaaMii, KOTopbie BbipaBajmcb yaemiKaM Ha 3aHHTHax. [f] Kaacpbiii yaemiK 
pernaji stii 3apaan b impiiBiipyajibHOM TeMne, a yaiiTejib npoBepaji npaBiuibHOCTb pememiH, pejiaji 3aMe- 
aaHiia ii paBaji coBeTbi. JIhctkh, KaK npaBiuio, 6biBaiOT TeMaTHaecKiiMii h paccaiiTaHbi Ha onpepejieHHbiii 
B03pacT h ypoBeHb noproTOBKii yaemiKOB. 3tii jihctkh CTajin HaKoniiTejiaMii upeii h nonyjiapHbix 3apaa, 
KOTopbie nepepaBajnicb no ropopaM h BecaM, noMoraa BceM yaHTejiHM peHHbiMii Hapa6oTKaMH TajiaHT- 
jiHBbix MaTeMaTHKOB-neyaroroB. 

CucTeMa jiHCTKOB b 57-ii mockobckoh niKOJie noppoSHO omicaHa b ei m. n P n ee ocymecTBjieHHii 
cjioJKHjiiicb TpaynpuH. CBH3aHHbie b aacTHOCTii, c 6ojibiHHM hhcjiom npoBepinoipiix. 

OHa no3BOjiaeT HaaimaiomeMy npenopaBaTejno HaaaTb pa6oTaTb. CTypeHTbi He TOjibKO noMoraiOT 
npoBOfliiTb 3aHHTiie, ho ii o6pa3yiOT npoMeacyTOHHoe 3BeHO Meacpy CTapniHM npenopaBaTejieM h yaemi- 
kom. Tan, o MOJiOflbix npenoyaBaTejiax b KHiire [7] HamicaHo: “Ohii jiyame ayBCTByiOT peSeHKa - Meacpy 
hhmh HeT ncHxojioriiaecKoro 6apnepa (h noTOMy HeypiiBirrejibHO, hto o6iH,CHiie hikojibhiikob ii CTypeH- 
tob He orpaHHHHBaeTca paMKaMH HiKOjibHbix ypoKOB - sto ii noxopbi, necHii nop, rHTapy, o6cyacpemie 
KHiir h (JnijibMOB; npimeM Bee sto aacTO npopojiJKaeTca h nocjie BbinycKa). Y hhx orpoMHoe acejiamie 
nopejinTbca TeM, aeMy hx caMiix Hayanjni b niKOJie h b By3e. HaKOHen,, ohii eipe homhht, KaK nx yanjin; 
npnaeM He TOjibKO to, hto nojiyaajiocb, ho ii to, hto npenopaBaTejin no hx (BbinycKHiiKOB) mhchiiio 
pejiajiii HeypaaHO. nosTOMy iim npaKTiiaecKii h He HyjKHO cnepnajibHoe neparoraaecKoe o6pa30Bamie 
- ohii cpa3y roTOBbi yaiiTb no paHHOii CHCTeMe, pa3yMeeTca, npn ayTKOM pyKOBopcTBe”. KpoMe Toro, 
jincTKOBaa cucTeMa b 57-h niKOJie He TaK npHMHTHBHa, KaK sto 3aaacTyio Ha6jnopaeTca b hhbix MecTax, 
nocKOjibKy jnopii oco3HaiOT n pemaiOT HenpocTbie neparomaecKiie 3apaan (cm. npepHCjiOBiie k KHiire 

HI)- ' ’ 

B to ace BpeMa, KaK micaji H. C. Py 6 aH 0 B, “paSoTa no juiCToaKaM oaeHb 3 aMaHaHBa: npenopa- 
BaTejiHM He Hapo piiKTOBaTb, peTHM — 3anncbiBaTb, MaTepnajibi 3aHHTHH ocTaiOTca b ynopapoaeHHOM 
Biipe. Ho OHa conpaaceHa c HecKOJibKiiMii onacHOCTHMii. nepBaa: TeMaTiiaecKiiH jihctohck caM no ce- 
6e — ciuibHaa nopcKa3Ka. BTopaa — jihctohck CKOBbiBaeT npenopaBaTejia, jinniaeT fhSkocth, chjibho 
orpamiaiiBaeT B03M0acH0CTb HMnpoBH3arpiH. TpeTba: jiHCToaeK, pacKpbiBaa Hanepep Bee KapTbi, jiiiHia- 
eT 3aHHTiie hhtphth. Bbixop MoaceT 6bitb b aacTiiaHOM 0TKa3e ot jracToaKOB, Bbipaae hx ne b Haaajie 
3aHHTiia, ppo 6 jieHHii na (JiparMeHTbi, BbipaBaeMbie b HyacHbie momchtbi. MoaceT 6 biTb, HHorpa Boofiipe 
HMeeT CMbicji pacneaaTbiBaTb 3apaan h TeopeTiiaecKiie KOMMeHTapiiii noopimoaKe, ycTpaiiBaa KaacpoMy 
yaemiKy HHpHBiipyajibHyio TpaeKTopino?” 

n P n pajibHeftnieM pacnpocTpaHemni jihctkoboh CHCTeMbi npoH30Huio ynpoipeHiie npopecca. npn stom 
pocTOiiHCTBa (omicaHHbie b EH3) yMeHbiHiijHicb, a HepocTaTKH yciijn-ijn-icb, oco6eHHO b ciiTyapnii opHoro- 
ppyx neparoroB Ha Kjiacc h HepocTaTOHHbix TpapupHii. Ocjia6jieHiie MeTopnaecKHx TpeSoBaHini k npeno- 

4 ABTopaM npejicTaBjiaeTca Kpai-ine Ba>Kin.iM co6paTB BOcnoMiiHaHiia o MeTopiiKe pa6oTBi 3Toro m.i.'ijiKjmeirx’ai MaTeMa- 
THKa, ne,n,arora h opraHH3aTopa o6pa30BaHHH. 

5 3aTeM b JleHHHrpa^e He3aBHCHMO noHBHjiact noxoncaa CHCTeMa, pa3pa6oTaHHaa B. n. Oe^OTOBbiM. JleHHHrpa^CKaa 
(neTep6yprcKaa) CHCTeMa npeno^aBaHHH, cos^aHHaa b HacTOHipeM BH^e C. E. PyKiiiHHBiM, Hy>K^aeTCH b OT^ejibHOH CTaTbe. 
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^aBaTejiHM b coHeTamm c noaBjieHHCM TpeHepoB, cnenjiajiH3HpyioipHxc5i Ha no^roTOBKe k ojiiiMmia^aM 
(h ^ajieKiix ot HayHHoro HCCjieflOBaHiia:) cc|)opMiipoBajio cnepiicjiHHecKHH cjioh jiio^eii. B ojiiiMniia^HOM 
imi>Kcmiii HaKomijiiicb npo 6 jieMbi, cm. Tj. 3tii npoSjieMbi ycyry 6 njin He^ocTaTKii jihctkoboh chctcmbi, 
ocoSeHHO b pyxax TpeHepoB. YnpocTmioct h yxy^nnuiocb npeno^aBaHne b HeKOTopbix jiarepax. TexHO- 
jiorH3M OKa3ajica co6jia3HiiTejibHbiM. 

CncTeMa peHTimroB He o6si3aTejibHa npri jihctkoboh cucTeMe. Ho OHa B03HiiKaeT ecTecTBeHHbiM 06 - 
pa30M, xoth h He Bcer^a. Bot ot3mb ynacTHiiKa: “CneH,ii(J)HKOH jihctkoboh ii peftTHHroBOH CHCTeMbi 
HBjiaeTCH ^onojiHHTejibHbiii CTHMyji OKa3aTbCH 6 biCTpee, bbiihc h cnjibHee, c,naTb MHoro 3a,n,aH. 3 to mo- 
TiiBHpyeT nocTOHHHO pernaTb salami. B to xe BpeMH nojiojKeHiie b peiiTimre MonceT ^eMOTHBiipoBaTb 
cjia 6 yio nojiOBHHy rpynnbi. 3jieMeHT copeBHOBamiH MonceT HeraTHBHO bjihhtb Ha KOJijieKTiiBH3M.” [f| 

npiiMeHaTejien ot3mb ,npyroro 6biBinero ojiiiMmiaflHiiKa: “HanajibCTBO cyn,HT o KpyTOCTii Kpy>KKa no 
ycnexaM Ha copeBHOBamiHx. HIkojibhiik h^St Ha KpyxcoK, ecjin TaM ynaT noGeacflaTb Ha copeBHOBaHHHx. 
Tax 6 bijio h 6 yneT. ” JlncTKOBaa CHCTeMa iiHor^a npenoflHOCHTCH, KaK eflimcTBeHHO B03M0JKHaa:. Bot 
peaKpiiH coBpeMeHHoro ojiiiMmia/pniKa Ha o6cy>KfleHHe iihbix cjiopM pa6oTbi: “ Cjiojkhjiocb ornymemie, 
hto CTaTbH HaniicaHa ,h,jih KpyjKKa, r^e cctb CHjibHbni npenofl hjiii ciijibHbm yneHiiK. Ecjiii hct hii toto, hii 
, n,pyroro, to OTjniHHbie ot jihctkoboh chctcmbi moto^m Ha^o Hcnojib30BaTb tojibko b Bime iiCKjiiOHeHHH:”. 


3 CncTeMa jihctkob 

OaKTHnecKH - sto cucTeMa caMOo6yHeHHH yneHHKa, npe,n,nojiaraioiH,aji ero hhh i i,h a r rHBy nofl pyKOBO,n,- 
ctbom ymiTejiH. cnjibHbix yneHHKOB, yMeiomiix caMOCTOHTejibHO pa6oTaTb, 3aHHTiie no jiiiCTKaM 

aiJx^eKTHBHO, a Ha'iiiHafomux KpyiKKOBpeB jiiictkh MoryT pa3onapoBaTb0 

^aHHaa cucTeMa scjicjieKTHBHO pernaeT cjie,z]yiOHi,He neflaroriiHecKiie salami. 

1. HannHaiomHH ymiTejib fiance CTapnieKjiaccHHK), nojiyHHB Ha6op jiiictkob, mojkct cpa3y HanaTb 
npOBO/piTb 3aHHTHH. HpH 3TOM, KOHeHHO, eTO KBajIII(J)HKaLI,HH flOJIJKHO XBaTHTb Ha TO, hto6bi npo- 
BepHTb npaBHjibHOCTb jiorHKH yneHHKa, KOTopbifi npimyMaji ^pyroe pemeHiie 3a,a,aHH. (B ^am>- 
HeiimeM, o^HaKO, pocT npeno,n,aBaTejiH 3aTpyflHaeTca, nocKOjibKy He B03HHKaeT ocTpo oipyipaeMOH 
noTpe6HOCTii b yMeHiiii BbiCTynaTb nepefl KjiaccoM h caMOMy roTOBHTb 3aHHTii5i). 

2. 06meHiie yHemiKOB c npoBepjnoiij,HMH 6 jih3koto B03pacTa. 

3. HH^HBHflyajibHbiii no^xo^, k ynameMyca:. Bo3MO>KHOCTb pernaTb 3aflaHH b HH/piBipny hjibhom TeMne. 

4. Y4o6ctbo TexHimecKOH “^peccupoBKH” h npopa6oTKH MajioiiHTepecHbix, ho Heo6xofliiMbix ^eTajieii. 

5. PeajiH3au,HH no^xo^a, npn kotopom ocBoemie MaTepnajia bo MHoroM cbo^htch k nocjie^OBaTejib- 
hoctii pemeHHbix 3a,a,aH. 

6. Bo3MO>KHOCTb jiynnie ocboiitb TeMy caMOMy 6e3 nocTopoHHeli noMomn. ^OKaaaTejibCTBO, npn^y- 
MaHHoe caMHM yHemiKOM, ^opororo ctoht. 

7. JIhctkii c npeflHCjiOBiieM no3BOjuiiOT pa3o6paTbca b Bonpoce Ha xoponieM ypoBHe, hto ncnojib3yeTCH 
b ^iiCTaHipiOHiiOM o6pa30BaHHH, HanpiiMep, b B3MHI (BcepoccniicKOH 3aoHiioii MHoronpeflMeTHOft 
niKOjie),) co3flaHHoft H. M. FejibiJiaHflOM. 

6 K cojKajieHHio, peiiTHHraMH yBJieKaiOTCH othio^b He tojibko no^pocTKH, ho h bjihctb npe^ep>KaiH,He, nona^aa npn stom 
b jiOByuiKy no/],HHHeHHa comhhtgjibhbim peHTHHroBBiM areHTCTBaM. Y noMHHeM Hejienyio nporpaMMy u Ton-100” - ,o,o6htb- 
CH BKJHOHeHHH HeCKOJIBKHX pOCCHHCKHX By30B B 100 By30B HaH6ojIBHierO peHTHHra. CorJiaCHO pe3yJIBTaTaM npeCTHJKHOH 
MejKflyHapoflHOH CTyu;eHHecKOH ojiHMnna^Bi http://www.imc-math.org/ , MexMaT MFY h Oh3tcx o6bihho bxo^ht b na- 
Tepxy jiynmHx. FIpH stom On3Tex ro He^aBHero BpeMeHH HMeji 400-ii peiiTHHr. KpoMe toto, okojio 20% BBinycKHHKOB 
MexMaTa y>Ke hmciot HayHHBie pe3yjiBTaTBi, npHro^HBie k ny6jiHKan;HH. lloKa3aTejiB, HecjiBixaHHBiii b 3ana,i];HOM MHpe. B 
to 3Ke BpeMH peiiTHHr MexMaTa ^obojibho HH3KHH. TaKOH no^xofl k on,eHKe o6pa30BaHHH aHTHHayneH — cjie^yeT H3ynaTB 
B3aHMO,n,eHCTBHe CTyn,eHTa c By30M, npHHHMaa bo BHHMaHHe oco6eHHOCTH, KaK CTya;eHTa, TaK h CTpaHBi, b kotopoh oh 
o6ynaeTCH. Tojibko TaK mojkho 3aHMCTBOBaTB to Jiynmee, hto ecTB Ha “3ana/i;e” (KCTaTH, “3ana^i,” — sto othio^b He 0#- 

Ha TOHKa, a CTpaHBi C pa3HBIMH KyJIBTypHBIMH TpaflHIi;H5IMH). O npHHLpinHaJIBHOH nOpOHHOCTH peHTHHTOBOH CHCTeMBI CM. 

http: //www.mccme.ru/free-books/bibliometric.pdf 

‘KaK coo6m,aeT C. B. IleTyxoB: TaK nojiyuHjiocB, hto, b ochobhom, h paboTaio, KaK pa3, co “cpeflHHMH ^ctbmh”. Hm, 
^eHCTBHTejiBHO, cjiojkho h He Bceiyja HHTepecHO paboTaTB no jiHCTOHKy. /^eiiCTBHTe jibho, /i,o6aBjmio sjieMeHTBi ^Hajiora, 
pa36HBaio jiHCToneK Ha 3—4 nacTH — h ^;ejio H^eT HaMHoro Jiynme. /l,aHce 6ojiee Toro, jihctohck 6e3 H3MeHeHHH h flonojiHeHHH 
CHHTaio HescJ)(J)eKTHBHBiM, t.k. KpaiiHe Majio ^eTeh cnoco6HBi ero pasyMHO pemaTB 6e3 ^onojiHHTejiBHOH MOTHBau,HH h 
o6T»HCHeHHH. 
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B to yue BpeMH npopojEKemieM poctoiihctb hbjihiotch HepocTaTKii. KpiiTiiHecKini pa36op othiopb 
H e 03HanaeT “6opb6bi” c jiiictkoboii CHCTeMoii. Hama pejib - oco3HaTb ee orpamiHeHiia h npH3BaTb k 
H eoSxopiiMOCTH ee ponojiHemiH hhbimh tfiopMaMii pa6oTbi. 

1. npenopaBaTejib pobojibho 6biCTpo BxopiiT b xypc pejia, ho npii stom He CTHMyjinpoBaH k pocTy. B 
pe3yjibTaTe HepocTaTOHHO nomiMaeTCH Ba>KHOCTb neparorHHecKoii noproTOBKii npenopaBaTejra (a 
jiynnie CKa3aTb — ero nciixojioniHecKOii totobhocth k pa6oTe c peTBMii). 

2. Y'reHHKH He bhpht pa3Hbie pemeHiia, He ynaTca BbiCTynaTb, cjiymaTb ppyr ppyra, cnopiiTB. Mencpy 
TeM Bee 3 to Tax xce Heo6xopiiMO, KaK h yMeHHe pemaTb 3apanH. 

3. He CTHMyjuipyeTCH caMOCTOHTejiBHBiii TBopnecKiiH noiiCK npenopaBaTejra, kotopbiii npiiynaeTCH pa- 
6oTaTb no totobbim nyjKiiM MaTepnajiaM. ( Ha MajiOM MexMaTe b 90-e ropBi 6biji B03MyTHTejibHbn“i 
cjiynaii, Korpa CTapmmi no napajijiejni BbirHaji CTypemra, kotopbiii Beji 3aHHTiiH He no peHTpajm- 
30BaHH0 pa3paBaeMbiM jniCTKaM.) 

4. Peajni3yeTCH y3KO TexHOjiorHHecKiiii nopxop k MaTeMaTime, bo mhotom scJxJjeKTHBHbiH. OpHaKO oh 
B ee nopMHHaeT nop ce6a, co3paBaa y30CTb MaTeMaTimecKoro BiipeHiis:. MaTeMaTima o6cy:»cpaeTCH 
jiOKajibHO, TaKTimecKii b paMKax nacTHOii 3apaHii, a k CTpaTercinecKOMylf] o6cy»cpeHHio jihctkobbih 
M eTop npncnoco6jieH njioxo. 3a pepeBBHMii ynemiK pojBKeH BiipeTb jiec. 

5. B paMKax HCKjnoHiiTejibHO jniCTKOBoro nopxopa 3aTpypHaeTCH h orpamiHriBaeTCH pa3BiiTiie Teope- 
TimecKoro MbimjieHHH, o neM mbi noroBopiiM mince. 

6. npenopaBaTejno CKyHHO noBTopHTb opHO n to nee pa3HbiM ynemiKaM b TeneHiie 3amiTHH, eMy 
npHxopHTCH no MHory pa3 oGbhchhtb opHH h Te nee ohiii6kii. 

7. Cjia6biii ynaipiiHC h iijiii HaniiHaioipHii MonceT minero He pemuTB, b to nee BpeMH npoBepmoipue 3a- 
nacTyio ypejiaiOT 6ojibme BpeMemi ciijibhbim yHaipiiMCH. Otmcthm, hto yHampeca paemym nepae- 
HOMepno. Cjia6biii ceropHH MonceT 0Ka3aTbca chjibhbim 3aBTpa, ecjin TOjibKO He npoHBjiHTB k HeMy 
6e3pa3jiHHHe, hto 3anacTyio ponycKaiOT Mojiopbie npenopaBaTejni. CiiTyapiiH hcckojibko yjiynma- 
eTca npii HajiHHHH yTemuTejiBHbix 3apan. 

8. Hynoio He tojibko yHHTBCH Bee pejiaTb caMOMy, ho ii yMeTb ymiTbca y ppyrnx, yMeTb pa6oTaTb b 
KOM aHpe. OpHaKO jniCTKOBaa ciiCTeMa He cnoco6cTByeT 3TOMy. 

3.1 Cb 5I3£> CHCTeMbI JIHCTKOB C OPHMnHaflaMH 

CnTyapiiH ycyry6jiaeTCH TeM, hto MaTeMaTunecKoe o6pa30BaHiie 3anacTyio cbopht k noproTOBKe k ojiiim- 
nuapaM. Tan nojiymuiocB, hto 66jibmaji nacTb BHenjiaccHOii pa6oTbi hikojibhiikob npHMO iijiii kocbbhho 
CBH 3aHa c ojiiiMmiapaMH Hjrii hhbimh copeBHOBaHiiHMii no pemeHiiio hctko nocTaBjieHHBix 3apan b ncecT- 
kiix BpeMCHHBix paMKax. ^axce eejm pyKOBopiiTejiB KpyntKa 3aHBjraeT, hto He 3amiMaeTCH noproTOBKOfi k 
ojiiiMniiapaM, MaTepnajibi Kpynoca b chjibhoh CTenemi ocHOBaHBi Ha ojniMnHapHBix 3apanax. OjiiiMmiap- 
Hbiii nopxop HMeeT cboii pocTOHHCTBa h nepocTaTKii, eMy nocBmpeHa CTaTBH pQ. npii stom npenopaBaTejiB 
3anacTyio nonapaeT b jiOBymKy TexHOjioni3Ma h yTHjiHTapii3Ma, Korpa pocTHnceHHe jiOKajiBHBix pejiefi 
3acjiOHaeT 6ojiee BBicoKiie peHHOCTii. Hama KpimiKa othociitch He ctojibko k caMoii jiiictkoboii cucTeMe, 
ckojibko k ee pojni b cjio>KiiBmeiiCH ciiTyapim. 

3.2 TeopeTHHecKoe h CTpaTernnecKoe MBitmieHne 

MaTeMaTiixa — sto He tojibko HayKa o pemeHim KOHKpeTHBix 3apan. 3to h B3rjinp Ha Miip, h 4)iijiococ|)hh. 
MaTeMaTHK TaKJKe CTpOIIT HOBBie TeOpHH, BBOpiIT H OCMBICJiaeT HOBBie nOHHTIIH. HyjKHO yMeTb He tojibko 
pemaTb 3apanH, ho h hx CTaBiiTB, pyMaTB o MomueupoeKax. Hapapy c manmuKou ecTB empamezun n 
pance nadcmpamezusi (iiHorpa ee na3BiBaiOT “(j)iuioco(jmeii” iijiii “iipeojiorneii”). 0 Homiimo TpeHiipoBKii 
b pememiH kohkpcthbix 3apan, BancHO pa3BiiB btb meopemuuecKoe MumAenue. KcTaTH CKa3aTB, oho 
Hpe3BBiHaiiHO nojie3HO h pjia ojiiiMmiapHBix ycnexoB. BbiBaiOT 3apa'in, KOTopbie He pemiiTB HanpaMyio. 

tS T.e. Ha ypoBHe njiaHa pemenaH, of:o3nann>i npiiaHH ycnexa, pBHacyiiiHx M/ieii. 

11 |)HMe>iarejihno. hto ojihh ojiHMnHajiHBiH penTejiB ocnapHBaji caMO HajiHHHe r: ip are i' m 'i ec ko ro h TaKTHHecKoro mbihi- 
jieHHH. Mencpy TeM iiomhmo npeopojieHHH rexifH'lecKwx TpypHOCTefi 6biBaeT HeoSxopnMO paccyjKpaTB Ha MaKpoypoBHe, 
nocMOTpeTB Ha CHTyaipno b pejiOM, noHHTB cmbicji 3apanH. 
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Ha^o nonsim'b cmucji ycjiOBira sa^ann (cm. oGcyxmeHne npo jiOMaHyio, ^ejiHinyio KBa^paT Ha jtbc 

paBHbie nacTH, b pQ, cm. TaioKe 0), CMemiTb no^xofl h uccjieAOBaTb cirryaiiyiio, co3^aB (miihii hjih He 
mhhh) Teopnio. KcTaTPi, pa6oTa Ha,n, AOCTaTOHHO coAepjKaTejibHoli 3a,naHeH othioab He 3aKaHHiiBaeTCH 
BMecTe c ee pemeHneM, cm. |15| . (IlpaB^a, “4>rijioco4>CTBOBaHiie” piiCKyeT OKa3aTbcn nycTbiM, h OTHacTii 
3aflaHHbni no^xo/i; ecTb peaKipiH Ha sto.) 


HanpnMep, ,ii;0Ka3aTejibCTB0 Ha H3BiKe e — S Toro, hto lim 


= 2 , 


OTHIOflb He CJiyJKHT y^aHHBIM 


o6pa3H,OM BOcmiTaHPiH TeopeTiinecKoro mbihijichiih. 

He HyjKHO ^OKa3BiBaTB SKBiiBajieHTHOCTb Tpex onpeflejieHHii KOMnjieKCHoro micjia, a nojie3HO o6cy- 
fliiTB pa3Hbie iiHTepnpeTapHii KOMnjieKCHBix Hnceji. BMecTe c tcm, iiMeeT cmbicji aHajiroiipoBaTb pa3Hbie 
onpe^ejiCHHH BBinyKjiocTH cjanryp, nocKOjibKy sto ^aeTCH cpaBHHTejibHO jierKO h noMoraeT pernaTB 3a^a- 
hh. A b “nrpe” c onpeflejiemiHMH KOMnjieKCHbix nnceji, c oahoh ctopohbi, iiMeeTCH CTpeMjiemie noApaxaTb 
“6 ojibihoh HayKe”, a c ^pyrofl - Majio coflepjKaHiiH. 


4 ^najior 

Pa6oTy co HiKOjiBHiiKaMn oflim H3 aBTopoB Hanaji b 1973 ro^y bo Bcecoio3HOH 3aoHHoft MaTeMaTirae- 
ckoh niKOJie, r^e 6bijio MHoro xoponinx 3a,n,aH. CaMoe HHTepecHoe ^jih Hero — B03HHKjia nepemiCKa c 
TajiaHTJIHBBIMII yHBHHKaMH, HanpiIMep, C AjICKCaHflpOM FoHHapOBblM H3 HlIKOnOJIH, HBIHe H3BeCTHbIM 
MaTeMaTHKOM. B nepemiCKe oGcyjKAajiiicb o6o6iii,eHHH 3a,naH, poflCTBCHHbie 3a,n,aHH, pa3jniHHbie no^xo^Bi 
k oflHiM 11 TeM nee 3 a,n,aHaM. 

TaKoii ^Hajior npeno,a,aBaTejifl c yHemiKOM ohchb BanceH. B pa6oTe KpyxcKa nepBiiHHO coAepjKamie 
3aHHTiiii, a He hx (JiopMa, ho neM Mjia^Hie hikojibhiikii, TeM (JiopMa rjisi hiix BasKHee. MHorne apth em,e 
He pa3o6pajmcb, HpaBHTCH iim MaTeMaTiiKa hjih hct, noaTOMy ohii 6 ojn>me CTpeMHTCH k pa3BjieHeHino h 
o6in,eMy pa3BHTHio, neM k 3HaHiiHM h MaTeMaTHHecKofi KyjibType. 3a^ana yniiTejiH — - pacKpenocTHTB Ae- 
Tefi, pa3pemiiTb iim 3a^aBaTB MHoro BonpocoB, no^nac HaHBHBix h CTpaHHbix, ho imane cjiojkho HaynriTb 
hx ^yMaTb. ^eTii aojokhm no3HaBaTb MaTeMaTiixy aKTiiBHO, cnopa MencAy co6oh, coBepniaa oihii6kii, 3 a 
KOTopbie HiiKTO He nocTaBiiT flBOHKy, nprio6peTaH onbiT MajieHbKHx OTKpbiTiiii. Banaia h yBjieneHHOCTb 
yniiTejiH, oh AOJinceH jno6iiTb pemaTb 3& p ,& hii , KOJijieKpnoHHpoBaTb H^en pememiH 11 TiimiHHbie ohiii6- 
kh, co3flaBaTb HOBbie no^SopKii 3a^aH, BbiCTpaiiBaTb no xoAy 3aHHTira iipnoHKii 3a^aH, yMeTb ,n,aBaTb 
MiiHiiMajibHbie noflCKa3Kii, ecjni 3aAana He peinaeTCH 3a pa3yMHoe BpeMH. 

Ho HepeflKO y mojioabix npenoAaBaTejieii 3 hhhthh CKjiaflbiBaiOTCH He coBceM yuanHO. npiiHiiH GbiBaeT 
MHoro — HeyMeHne ^epncaTb fliicpiinjiHHy, njioxaa o6paTHaa CBH3b, cjiiihikom 6biCTpbiii TeMn, Tpy^Hbie 
hjih HeHHTepecHbie ^,jih ^eTelt salami, cjiojKHbie srabiKOBbie KOHCTpyKpini. MoryT noMeniaTb 11 oflHOo6- 
pa3Hbie cjiopMbi pa6oTbi. Tax, b BMHI (BenepHHH MaTeMaTimecKaH niKOjia) 6 bijio bb>kho BOBjienb Bcex 
^eTeii b pemeHiie 3aflaHii. ^ 3 ,jih 3Toro no^xo^HT pa3Hbie nrpoBbie cjiopMbi: rojiocoBaHiie 3a pasjuiHHbie 
OTBeTbi, jiiiHHbie h KOMaHflHbie copeBHOBaHiia, yneT jiiihhbix fl0CTii>KeHiiii, o6cyjK^,eHiie napa^OKCOB, ric- 
TopiiHecKiie 6aiiKH 11 t., 0 ,. 

/Jiiajior xoponi tcm, hto oh KOMneHCiipyeT He^ocTaTOK hikojibhoii MeTOfliiKii o6yHeHHH, xor^a nc- 
nojib3yeTCH TOjibKO iiHfliiBiiflyajibHaH: cjiopMa pa6oTbi, a noMoraTb flpyr flpyry He nojiojKeHO (noACKa3Ka, 
cmicbiBaHiie) h KOjuieKTiiBHoe peineHiie 3aA,an He npHMeHaeTCH, xoth HayniiTbca pa6oTaTb b KOJijieKTiiBe 
TO»ce BajKHO. Ho fleTii nHTyiiTiiBHO HyBCTByiOT nojie3HOCTb kojuicktiibhoii pa6oTbi h oxotho Ha Hee 0T3bi- 
BaiOTCH. n P H 3 tom yHiiTejib “AiipicKiipyeT”, noAKiiAbiBaeT “apobiihikii”, corjiacyeT TeMn, ynopnAOHiiBaeT 
pa6oTy, noABOfliiT htoth. Oco6eHHO npiiHTHO, Korfla pojka 3 - 6 tch hto-to HOBoe, nero ymiTejib He ojKHAaji 
(iiAea, 3aAana, rnyTKa h t.a-)- ^ocTaTOHHO yn,aHHOii (JiopMOH npoBeAOHiiH 3aHHTiiH HBjiaeTCH jieKpiiH c 
AiiajioroM o xofly (B3aiiMHbie Bonpocbi, rojiocoBaHiie h np.). 

10 npn Bbi6ope , i i,o]iojinnrejn,in.ix KypcoB fljia iiikojibhhkob 3aaacTyio ii/iyr no nyTn KonnpoBaHna By3a, b nacTHOCTn b 
npeno^aBaHHH MaTeMaTHnecKoro aHajiH3a. KaK cjie,ii;cTBHe nojiynaeTca, hto CbiBniHe MaTiiiKOJiBHHKH Ha nepBbix Kypcax 
6e3,a;ejiBHHHaiOT, a HHOiyja — pa3ynaiOTCH paCoTaTb. y hhx B03HHKai0T npoCjieMbi, BnjiOTb ro HCKjiiOHeHHH. Bbi6opy KypcoB 
^jih niKOJibHHKOB cjie^OBajio 6bi nocBHTHTb OT^ejibHyio CTaTbio, 3,u;ecb xce mm orpaHHHHBaeMCH yKa3aHHeM Ha npo6jieiviy. 
MaTaHajiH3 MonceT 6biTb cepBHCOM ^jih hhhix KypcoB, b oco6eHHOCTH cJdh3hkh, h Hpe3BbiHaiiHO nojie3HbiM mokot 6bitb no^- 
xo^i, 51. B. Sejib^OBHHa (cm. |221123| V Ero BecbMa 3MOH,HOHajibHO — h He Bceryja KoppeKTHO — ocnapHBaji JI. C. IloHTpHrHH, 

HO 3aTeM C HHM COTJiaCHJICH. 

Hcnojib30BaHHe TKe aKCHOMaTHKH Beiu,ecTBeHHoro nncjia Kax nojinroHa ^jih BoenHTaHHH KyjibTypbi MbmiJieHHH npe^i,- 
CTaBjineTCH aBTopaM HenpaBHJibHbiM. ripenc^e Bcero, Teopna ^eHCTBHTejibHbix nnceji CTaHOBHTCH HHTepecHOH tojibko npn 
oCcyHc^eHHH 6ojiee npo^BHHyTbix BonpocoB, a othio^b He Ha HanajibHOH CTa^HH, ^a h caMa H,u,eojiorHH /(e^eKHHfla — Ben- 
epniTpacca ycTapejia nocjie pa3BHTHH TeopHH MO^ejieii — 6ojiee npaBHJibHO pa3BHBaTb MbmiJieHHe b Kypce MaTeMaTHnecKOH 
jiothkh, ^ocTynHOH flJiH HiKO jibhhkob , yMeiOH],Hx nporpaMMHpoBaTb. Ectb h flpyrne BecbMa HHTepecHbie ciOHceTbi, He ot- 
panceHHbie b By30BCK0M npeno^aBaHHH. He cjiynaHHO co3/i,aTejiH Btopoh hikojibi — Bbi^aiOH],HecH yneHbie — Hcnojib30BajiH 
TepMHH “cnepMaTeMaTHKa”. 
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4.1 OTKptiTbie Bonpocbi 

KojijieKTiiBHoe o6cy>KfleHiie oco6eHHO BajKHO npii iiccjieflOBaHiin “HefleTepMiiHiipoBaHHBix” 3a,naH (3a,naH 
“c OTKpBiTBiM OTBeTOM”). K cojKajiemno, noHTii Bee 3a,naHii neTKO tfiopMyjiiipyiOTCH - hto flaHO h hto Ha,no 
nojiyniiTB (flOKa3aTb). 3 to b onpeflejietmoii Mepe HaBcypiT Ha nyTb pememiH h He cnocoScTByeT pa3BHTino 
TBopnecKoro noiiCKa. (Kor^a mbi paSoTaeM c rjiy6oKoii 3aflaHeii Ha 3aHHTiiH, mbi iraopua MOxeM ^aBaTB 
ee KaK He^eTepMimiipoBaHHyio, cjierKa noMeHHB Bonpoc, ho Tor^a mbi bbixo^hm 3a paMKii jihctkoboii 
cucTeMBi. h thkhx 3a,n,aH CTaHOBiiTCH Bee mchbihc m-)0 

4.2 B6paci>iBaHHe 3a,a,aH 

3to cnoco6 opraHH3au,ini ,n,Hajiora. Tax ace KaK h b cucTeMe jiiictkob, b ocHOBe ctoiit 3a,n,aHHBni no^xofl. 
Oahbko 3,necB mbi onupaeMca Ha ny6jiiiHiiocTB. 

YniiTejiB B6pacBiBaeT 3a,n,aHy h ,naeT hcckojibko MimyT Ha pa3MBimjieHiie. Ecjiii 3a,n,aHa HecjioJKHan, 
to yniiTejiB xoflHT no pHflaM h npoBepaeT pememiH. IlepBBiH pemiiBHiiiii nojiynaeT npaBO 6 bitb accii- 
CTeHTOM yniiTejiH, T.e. npoBepuTB peiHeHiui 3 toh 3a,n,aHH y .npynix. Ecjiii 3a,n,aHa Tpy^Han, to cyipecTByeT 
(JiopMa KOJijieKTiiBHoro pememiH - yneHHKH Ha6pacBiBaiOT iifleii peineHHH, a yniiTejiB OT6npaeT H3 hiix 
nepcneKTiiBHBie. Ha stom nyTii MoryT noHa,n,o6iiTBCn MiiHiiMajiBHBie noflCKa3Kii, npiineM Baaoio cnpociiTB 
fleTeit: “Hy, hto, noflCKa3aTB hcmhoikko?” 06bihho ohii OTKa3BiBaiOTCH. 

4.3 HrpoBBie 4>opMt.i pa6oTBi 

HrpoBBie (JiopMBi paSoTBi nojie3HBi ,h,jih MjiaflHiiix B03pacT0B, oco6eHHO b tom cjiynae, Kor^,a rpynna 
ycTajia. HrpoBaa cjsopMa flOJiJKHa 6 bitb 3aBepinaiOHi;cH nocjie stoto hikojibhiikob Ha^,o pacnycTHTB. 
MaTeMaTiinecKHe nrpai TamKe CHiiMaiOT MHorne He^ocTaTKii jihctkoboh cucTeMBi. OcoSeHHO bhikho cjiy- 
rnaTB flpyr flpyra Ha MaTeMaTiinecKiix 6 ohx (cm. El) • 

BaiBaiOT 3a^,aHii c no,n,BOxoM, b kotopbix jierKO ohiii6iitbch, ecjiii naiTaTBCH yra^aTB otbct iijiii iic- 
khtb ero nofl6opoM. YniiTejiB hc npoBepneT pemeiniH, a BBiniiCBiBaeT pa3HBie otbctbi Ha ^ockc. Hepe3 2-3 
MiiHyTBi npoBO^HTCH rojiocoBaHiie. BaiBaeT noyniiTejiBHO, KOiyja npaBiuiBHBiii otbct He Ha6iipaeT 6 ojib- 
HiiiHCTBa rojiocoB. Banoio, hto6bi paSoTaji BecB Kjiacc, KaiK^Biii b Mepy cbohx ciiji. BojiBinyio pojiB npii 
3 tom iirpaeT SMOipiOHajiBHan cocTaBjunoman, nosTOMy yniiTejiB moikct nomyTHTB, paccKa3aTB ncTopino 
ii3 JKH3HH BejuiKoro MaTeMaTiiKa, BBiflejiHTB HHTepecHBie Hfleii penieHiiH, koto-to nyGjiiiHHO noxBajuiTB. 
BBiCTynan, fleTii ynaTCH roBopiiTB, KoppeKTHO cnopiiTB, BBicjiyimiBaTB onnoHeHTa. Xoporno, Kor^a aT- 
Moccjiepa HenpiiHyjKfleHHaa:, Kor^a ,n,eTH ynaTCn He ,zi,jih otmctkh, a ^jih ce6n, KOiyja n^eT noiiCK hcthhbi. 
npHBefleM cioiKeT, iyje nojie3HO rojiocoBaHiie. 

4.3.1 Mo*HO HJIH HejIB3H? 

IlejiBio SToro 3aHHTHH HBjiaeTCH npone^eBTiiKa MameMamuuecKozo doKasameAbcmea, mbi fleMOHCTpu- 
pyeM Ha npiiMepax, hto, Ka3ajiocB 6bi, “oHeBiiflHBie” Bem,n MoryT OKa3aTBCn HeBepHBiMii, cjsopMiipyeM 
noTpeSHOCTB b CTpomx MaTeMaTiinecKiix paccyiK^eHiiax. 06cy>K,zi,eHiie HaniiHaeTCH co cjie^yiomero npn- 
Mepa: 

CepHH 1. 1. H 3 mpex najiouen He ecezda mochcho cocmaeurm> mpeyzoAbHUK. A U3 100 najioueK 
eceeda au mochcho Haumu mpu, U3 Komopux mpeyzoAHHUK cocmasAAemcA? 

3tot Bonpoc rojiocyeTca, h 6ojibhiiihctbo ^eTeii rojiocyiOT - flA, Bcer^a cocTaBjiaeTca. 3aTeM kto-to 
H axo^iiT KOHTpnpiiMep (cTeneHH aboiikii ii T.n.). 

Xoporno, npo^ojiJKaeM, 2. nycrm> y hoc ecrm> 12 nccAouen, U3 Komopux ycnce cAocncenu 4 mpeyzoAb- 
hukcl. Bepno au, umo U3 hux ecezda mochcho cAocHcumb 3 nemupexyzoAtHUKa? 

HayneHHBie topbkhm ohbitom, ^eTii rojiocyiOT “HeT, He Bcer^a”. Mu ycmanoeuAu ucmuny, uau Koump- 
npuMep ece cnce mpe6yemcA? - roBopiiT npeno,n,aBaTejiB. Ctpohtch KOHTpnpiiMepBi, ho Bee He no^xo^HT. 

11 KaK ci )o6iuaeT B. K). ry6apeB, b Hoboch6hpck6 ik'vi pyKOBOflCTBOM C .B. ABrycTHHOBHna npoBOjiHTCB o6c:y>f<;i,enHe 
HHTepecHbix sa^an, npH,uyMbiBaHHe hobhx 3a^aH, o6cyjK^;eHHe bo3mo5khbix o6o6iu,eHHH, ^pyrax (JiopMyjiHpoBOK, c neM 
3 to MOJKeT 6 bitb CBH3aHO b MaTeMaTHKe h T.,n;. Tax hohbjihiotch h TeMbi HCCjie^OBaHHH niKOJibHHKaMH. HanpHMep, 
npH o6cy^K^eHHH nponopu;HH, KOTopbie mo>kho nojiyHHTb c 6H,zj,OHaMH eMKOCTbio 1 ji h 3 ji, B03HHKJia cjie,n,yioii],aH 3a^,ana 
(Hoboch6hpck, niKOJibHbiH Typ BcepoccniicKOH MaTeMaTHHecxoH ojiHMnHa^bi, 2013 r., 7—8 kji.). Ecm/b dee v^ucmepwbi c 
neoepaHUHennuMU 3anacaMU KO<fie u cjiugok (g odnou Kotfie, e dpyeou caugku) u yucmepna, e Komopyio mochcho cjiueam'b 
neoepaHUHennoe KOAunecmeo otcudKocmu. Ecm'b maKotce dea 6udona GMecmuMOcm'bio 1 u 3 Jiumpa. KaK c ux noMom^K) 
noAyuum'b 1 Aump nanumKa, 5/12 Komopoeo cocmaeAAem KO$e, a 7/12 - caugku? 
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Bchkhh pa3 TpeyrojibHHK c caMBiM MajieHBKHM nepiiMeTpoM mojkho “pa3o6paTB Ha 3annacTH” - BCTaBiiTB 
ero ctopohbi b ocTajiBHBie TpeyrojiBHiiKii. B more nojiynaeTCH ^OKa3aTejiBCTBO Toro, hto Bcer^a mojkho. 

Tenept nepeBopaniiBaeM 3a,n,aHy. 3. IIycrm> y nac yotce ecrm> 3 uemupexyzoAbnuKa. Mookho au U3 
hux cocmaeumb 4 mpeyzoAbnuKa? 

OnaTb 6 ojibhiiihctbo rojiocyeT 3a to, hto Bceiyja mojkho, 3aTeM B03HiiKaeT KOHTpnpiiMep, nocjie He¬ 
ro o6cy»cflaeM Bonpoc o tom, a ecezda au mookho cocmaeumb xomA 6u odun mpeyzoAbnuK? H sto, 
0Ka3biBaeTca, He Bcer^a! 

,Z(ajiee no aHajioriiHHOMy cpeHaprno pa36npaeTCH Tpoiixa 3aflan: 

CepHH 2. 1. B Kopo6'Ke AeoKam Kapandauiu. Ecmb dea Kapandauia pa3nozo yeema u dea Kapandama 
pa3Hozo pa,3Mepa. Bepno au, nmo naudymcA dea Kapandauia, pa3AuuatoiyuecA u no yeemy, u no pa3Mepy? 

2. JJeeouKU e KAacce pa3AunawmcA pocmoM, eecoM u pa3MepoM o6yeu. Bepno au, nmo naudymcA 
dee deeouKu, omAuuawiyuecA eceMU mpe.UA napa.uempaMu odnoepeMenno? 

3. B KopoSne Aeotcam Kapandauiu. Ecmb Kapandauiu mpex pa3nux yeemoe u mpex pa3nux pa3Mepoe. 
Bepno au, umo naudymcA mpu Kapandauia, nonapno pa3Auu,aww,uecA u no yeemy, u no pa3Mepy? 

06cy»c/],aiOTCH h HeKOTopBie apii(f)MeTiiHecKi-ie sa^a'iH. HanpriMep: 

4 . Epynna zpaotcdan cmpanu A 9MuzpupoeaAa e cmpany B. Mootcem au cpednuu IQ OKumeAeu o6eux 
cmpan eo3pacmu? 

B KaKOii-TO MOMeHT ihkojibhiikii cep/piTCH: “A mojkct, mbi cnepBa no^yMaeM, a 3aTeM rojiocoBaTb 
6yn,eM?”. 

5 IlpHMepbi TeM h pejieit 3aHaTHH, ^Jia KOToptix JiHCTKOBaa ch- 
CTeMa He^ocTaTOHHa 

Mbi npiiBe^eM hcckojibko npriMepoB 3aHHTiiri (ajih yHanpixca caMoro pa3Horo ypoBHH - ot HamiHaiomiix 
p,o npoflBHHyTBix, BnjiOTB flo CTy^eHTOB), npii npoBefleHiiii kotopbix Heo6xo,a,iiM fliiajior c KjiaccoM. Oh 
HynceH, b nacTHOCTii, npri BOcniiTaHini meopemuuecKOzo muiuachua. Kohchho, npiiBO^iiMBie mince kom- 
MeHTapHH MOJKHO BH6CTH B JIHCTOK. Ho ,II,ejIO B TOM, HTO nO^XOfl K MaTeMaTHKe, KaK HayKe O pemeHHH 
3aHiiMaTejiBHBix 3a^an h rojiOBOjiOMOK, hbjihctch npiiBBiHHBiM h ero pa3T>HCHHTB He Ha^o. B ero paMKax 
npoipe opraHH30BaTB caMOCTOHTejiBHyio ^eaTejiBHOCTB. HHoe flejio, Kor^a yneHiiK BCTpenaeTCH (cennac, 
yBBi, pence, neM paHBine) c npiiHipimiajiBHO flpyrnM OTHomeHiieM k MaTeMaTHKe, HanpiiMep, Kor^a o6b- 
HCHaeTCH, noneMy KOHCTpyKipni h noraTiia iimchho Tamie, a He flpynie, h KaK ohii ctpohtch. 3flecB 
Heo6xo/i;HM fliiajior. 

B 7-m Kjiacce, HanpriMep, .neTHM Tpyzpio npimyMaTB onpeflejiemie TpeyrojiBHiiKa, ohii MoryT ,n,aTB 
MHoncecTBO HeBepHBix onpe,n,ejieHrifi. B stoii CHTyaipin xoporna nrpa: «Kto onpoBepraeT flaHHoe onpe^e- 
jieHiie?», HanpriMep, yneHiiK roBopriT: “sto Tpn tohkii h coeflimmomne nx OTpe3Kii, KOTopnie o6pa3yiOT 
Tpii yrjia”. BceMy Kjiaccy KanceTca, hto onpe,n,ejieHHe BepHoe, a ymiTejiB pircyeT Ha flocne Tpn OTpe3Ka, 
BBixo,n,5HH,iie ii3 o^Hori tohkii h o6pa3yiOH],He Tpn yrjia... 0 He Ha^o ncaneTB BpeMeHii Ha nrpy b onpe- 
^ejieHiiH - yneHHKaM nojie3HO “BBiCTpa^aTB” onpeflejieHne TpeyrojiBHiiKa KaK 3aMKHyTOii Tpex3BeHHori 
jiOMaHoit, ohii noiiMyT peHy CTponiM onpeflejieHHHM, nprioSpeTyT BKyc k neTKOMy MBimjieHiiio. 

5.1 IIpo6jieMHaH CHTyapna h ee Mo^ejib 

B niKOjie ii By3e npaKTiiHecKii He ynaT nocTaHOBKaM 3aflan, a sto HacynpiaH criTyapiiH h b (JiyHflaMeH- 
TajiBHOir HayKe, h b npriKjia/i,HBix iiccjiCflOBamiax. ripriBefleM npiiMep 3aflaHii, b KOTopori BancHO oco3HaTB 
neTKyio nocTaHOBKy. 

3aflaaa 1. CoAnye e 3enume, nad uaockou nAoiyadKou eucum eepmoAem. Bonpoc: menu om eepmo- 
Aema SoAbiue nezo, Menbiue nezo uau poena eepmoAemy? 

06bihho b Kjiacce hohbjihiotch ctopohhhkii Bcex Tpex rnnoTe3. 

1. BoAbuie eepmoAema, noTOMy hto cojiHpe flajieKO h ero mojkho cnriTaTB tohkoii, Tor^a nojiynaeM 
pacxoflHm,HiiCH KOHyc jiyneii (sto bii^ho, Kor^a jiynn npo6riBaiOTCJi Menc^iy TynaMii). 

2. Paena eepmoAemy, noTOMy hto ot CojiHpa n^,eT napajijiejiBHBiir noTOK jiyneii (30jiotoi"i flonc/i,B), n 
nofl hum Bee pa3MepBi coxpaHHiOTCH. 
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3. Memiue eepmojiema , nocKOjibKy CojiHpe 6ojibine BepTOjieTa, h ot Hero k BepTOjieTy h^,6t cxo^a- 
ih,hhch KOHyc jiynefi. 

Ilpn rojiocoBaHHii o6bihho MaKCiiMajibHoe hiicjio rojiocoB Ha6npaeT nepBaa nmoTe3a. 3aTeM cjie^y- 
eT o6cyxcfleHHe. B 6-7 Kjiacce oho SbiBaeT ctojib 6ypHbiM, hto yniiTejib nojiynaeT yHHKajibHbin onbiT 
Ha6jiiOfleHiiH 3a cbohmh yneHiHcaMH. 

CaMoe HHTepecHoe, hto ecjin b Kjiacce HeT rpaMOTHoro acTpoHOMa, to erpe He 6 mjio cjiynaa, hto6m 
yneHHKaM yuajiocb .nproBopiiTbca. B khkoh-to momcht yniiTejib BMenniBaeTca b cnTyapnio h 3a,naeT 
HeojKHflaHHbift Bonpoc: 3aMemuA au Kmo-mi6ydb, umo e 3adaue ne dano onpedejienue menu? Tan umo 
otce maKoe mem? Kanue mourn ruiocKocmu mu 6ydeM na3ueamb memm? Cjie^yeT 3aMeniaTejibCTBO, 
ho o6biHHO kto-to roBopHT, hto mem — 3mo omuyda ne eudno coAHye. /I,a, - roBopuT ynmejib, - sto 
o,apo H3 onpeflejieHHii menu, ho mohcho ,a,aTb h ^pyroe. Bot mm roBopiiM “TeHb ot ,n,epeBa”, ho Be^b 
Meacfly jiHCTbHMH cojiHenHbie jiynn npoOmaiOTca — 3HanHT, sto He nojmaa TeHb. H noaBjiaeTca BTopoe 
onpe^ejieHHe: Tern — 3mo mourn, e Komopux CoAHye xomu 6u uacmuuno 3azopoofceHo. B acTpoHOMiin 
roBopaT, hto 3to o6jiacTb nojiymenu. 

Tenepb mm MoaceM noHHTb, hto nacTb jnoflen noHiiMaeT no^ memm nojmyio TeHb, a nacTb — nojiy- 
TeHb. PiicyeTca KapTHHKa, Ha KOTopofl hcho, hto nojmaa TeHb Meubnie BepTOjieTa, a nojiyTeHb - 6ojibine. 
IIojiyHaeTCH, hto otbct 3aBHCHT ot onpeflejiemia Teini. Oto h ecTb npo6eji b nocTaHOBKe 3a,n,aHH, KOTopbiii 
HHKTO He 3aMeTHJI. 

3a^aHa 2. B edunuunuu Keadpam 6pocu.Au 101 mouKy, npuueM nuKanue mpu ne Aeotcam na odnou 
nptiMOu. JJoKaotcume, umo naudemcA mpeyzoAbHUK c eepmunaMu e smux mounax, nAOu^adb nomopozo 
ne npeeocxodum 1/100. 

3aflana pemajiacb Ha MaTeMaTiinecKOM 6oe 10-x KjiaccoB, h oflim m3 aBTopoB CH^eji b aoopri, nponc- 
xo^njia npoBepna KoppeKTHOCTii Bbi30Ba. HeoanmaHHO ,n,jia anopn ^OKjiaflHHK paccKa3aji yflHBHTejibHO 
npocToe h KopoTKoe penieHiie. Bot oho: 

Bbi6epeM npon3BOJibHyio TOHKy ii coe/pirniM ee co BceMii ocTajibHbiMH, nojiyHHTca 100 OTpe3KOB. 
Bbi6epeM HanpaBjieHHe no nacoBOii CTpejine h nocjie,n,OBaTejibHO coe/pratiM kohh,m OTpe3KOB - nojiyniiTca 
100 HenepeceKaiomiixca TpeyrojibHiiKOB, cyMMapHaa njioiH,a,n,b KOTopbix He npeBoexo^HT 1. Ilo npimpimy 
/Jnpnxjie, HafmeTca TpeyrojibHiiK njioiH,a,n,H He 6ojibnie 1/100. 

C Tex nop 3Ta KpaciiBaa onniOKa CTajia npe^MeTOM pa36opa Ha 3aHHTiiax, a ee aHajiH3 - noBO^OM 
fljia pa3roBopa o tom, hto Taxoe CTporoe flOKa3aTejibCTBO. 1^1 

/Ipynie aHajioniHHbie npiiMepbi coflepacaTca b CTaTbe 0 . B KHnre m o6cy>K/3,aeTCa 3a6aBHbifi doaceT: 
Ckoauko pa3 nado nepezuymb za3emy, umo6u ona docmaAa do Benepu?. BbiHncjiemia ^aiOT otbct - 
- 50 pa3. /^aeM niKOjibHHKaM ra3eTy h npociiM ee neperHyTb. Ilo cyra ^ejia, bo mhomix cyac^emiax 
npucyTCTByeT Heuenoe hjiii cupumoe ModeAupoeanue. Oho B03HHKaeT h Tor^a, Kor^a BbinucbiBaeTca Ta 
hjih HHaa MaTeMaTPinecKaa cjsopMyjia. O npeno^aBaHHii MaTeMaTiiKii HeMaTeMaTHKaM cm. m- 

5.2 IIocTpoeHHe Teopira no aHajiornn. IIapajiJiejit.Hi>ie Mnpbi 

B MaTeMaTiiKe aobojibho nacTO BCTpenaiOTca aHajioniHHbie CHTyapiin n o6T.eKTM. B stom cjiynae Teopua 
CTponTca no o6pa3py Teopnn fljia aHajioniHHoro oSbeKTa, nepeHOcaTca n^eii ii KOHCTpyKpini, o6mhho 
b o6e CTopoHbi. Mm npiiBOfliiM ^Be TeMbi 3aHHTini, co^epacaHHeM KOTopbix aBjiaeTca we tfiaKmuuecKuu 
MamepuaA cclm no ce6e (ero HecjiojKHO ^aTb b Bii^e jihctkob), a hmchho pa3eumue meopuu no anaAOZuu. 
IIapajijiejni3M Meac/jy MiipaMH Heo6xofliiMO o6cyac/i,aTb, sto ^ocTaTOHHO HenpiiBbiHHO fljia niKOjibHiiKOB. 
3flecb HeoSxo^HM ^najior npeno^aBaTejia c yHam,HMHca. 

5.2.1 TeoMeTpHH ocTaTKOB 

3aHHTne HaHHHaeTca c Bonpoca: ckoahko (fiep3eu mookho nocmaeumt> na maxMamnou docKe 5x5 man, 
umo6u ohu ne 6 uau dpyz dpyza? Otbct - 5, n paccTaBjiaroTca ohh xo^,om kohh c nepeHOCOM, T.e. ^ocxa 
paccMaTpnBaeTca nan TopunecKaa. AHajioniHHO ^eflcTByeM ^jih aockh 7x 7. Tenepb nocTaBHM aHajio- 
riiHHbin Bonpoc fljia Marapa^ac ( Mazapadotca - sto 4>nrypa, KOTopaa xo^ht h KaK 4>ep3b, h kmc kohb). 
IIonpo6yeM paccTaBHTb 7 Marapa^ac Ha flocne 7x7, CTaBa hx xo^om 6ojibmoro KOHa (3,1), n nojiynaeM 
Heynany. A bot Ha ^ocne 11 x 11 Bee nojiynaeTca. 

1 - Ec:.n h Bee tohkh o6pa3yioT BepniHHbi BBinyKjioro MHoroyrojiBHHKa, to nojiyHHTca 99 HenepeceKaioiii,Hxc5i TpeyrojiBHHKOB, 
h pemeHHe He npoxo^HT. 



06o6miiM 3a,n,aHy. Ha30BeM k-MoncmpoM c|)nrypy, KOTopaa xo^ht B,n,ojib npHMbix ax+by = 0, |o|, |&| < 
k. Oep3B - 3to 1-MOHCTp, a Marapa^pxa - 2 -mohctp. OKa3biBaeTCH, npn npocTOM p > k 2 +1 Ha maxMaTHon 
flocxe p x p mojkho paccTaBiiTB /c-MOHCTpoB b KOjinnecTBe p Tax, hto6bi ohii He 6 iijiii Apyr flpyra. 

IIonpoSyeM sto flOKa3aTb. BepHeMCH k pacnojKPKeHiiio (Jjepsefi Ha ^ocxe 5x5. 3aniiHieM hx Koop/pma- 
tbi: {(0, 0), (1, 2), (2,4), (3,1), (4,3)} h nocTapaeMCH ,n,aTb npocmoe onucanue stoto MHO»cecTBa. HanHeM 
HyMepapnio c Hyjui. nojiynaeM y = 2x ( mod 5). CooTBeTCTBeHHO, fc-MOHCTpbi CTaBHTCH b^ojib npaMoft 
y = (k + l)x ( mod p). Ecjih npii stom flBa MOHCTpa 6ynyT 6 iitb Apyr flpyra, to jihhhh 6oh mohctpob 
nepeceneTCH c jiHHHeit, Ha KOTopyio hx nocTaBmiii, xoth 6bi ^BajK^bi. Hto h6bo3mojkho: ,n,Be npaMBie, 
Kax Ha flHCKpeTHOft, Tax h Ha oGbihhoh njiocKOCTii, nepeceKaiOTca He 6ojiee neM b o^hoii TOHKe. 3aflana 
npo mohctpob pemeHa. 

BepHeMca k 3a,naHe 2 H3 pa 3 ne.na 15.II 

B edimuuHOM k eadpame pacnojiocHcena 101 mourn, nuKdKue mpu ne sieofcam na odnou npsiMOu. JJo- 
KaoKume, umo Haudemca mpeyeoMHUK ruioipadu Menbuie 1/100 c eepmunaMu e omMeuemux mouKax. 

KBaflpaT pexeTCH Ha 50 paBHbix nojiocoK, b o^Hy H3 kotopmx nona^eT xoth 6bi 3 tohkh. JIioSoh Tpe- 
yrojibHHK BHyTpn npHMoyrojibHHKa 3amiMaeT He 6ojibme nojiOBimbi njiomaflii. nocjie^Hee yTBepjK^emie 
noymiTejibHO ,n,OKa3biBaeTCH c noMom,bio jnmeiiHoro BapbiipoBamiH: ,yn,eM MeHHTb TpeyrojibHHK, hto6bi 
ero njiom,aflb B03pacTajia. Ecjiii ecTb Bepimraa, KOTopan He jiokht Ha rpaHiipe npHMoyrojibHHKa, to 
nepe^BiiHeM ee Tax, hto6hi OHa nonajia Ha rpammy. Ecjiii ecTb BepmiiHa TpeyrojibHiiKa, KOTopaH He jie- 
jkiit b BepmiiHe npHMoyrojibHHKa, to nepeflBiiHeM ee b o^Hy 113 coceflHiix BepmiiH TaK, hto6bi njiomaflb 
yBejiiiHHjiacb. Tenepb njioma^b TpeyrojibHiiKa paBHa nojiOBHHe njiomaflii npHMoyrojibHHKa. 3tot mcto^ 
TpeSyeT o6cyxyi,eHH5i, o HeM CKa3aH0 b ED- 

3aTeM nepexofliiM k huokhum oyewtaM. HallfleM Tanoe pacnojioxceHHe tohck, hto njioma^b jno6oro 
TpeyrojibHiiKa c BepmimaMH b hiix He Memme 2-iai 2 • yBejinmiB e/piHHHHbiH KBa^paT b 101 pa3, npiixo^HM 
k 3a,n,aHe: 

B Keadpame 101 x 101 pacnojiootcumb 101 yejiouucAeHHyw moutty man, umo6u nuKdKue 3 ne nonanu 
na odny npAMyto. 

Ctpohm ecTecTBeHHyio KOHCTpyKipno. IlepBaH TOHKa HMeeT KOop/pmaTbi (0,0), BTopan (1,0), ^ajiee 
(2,1), (3,3) h T.fl. Ha k-M mare HOBaH TOHKa CMeipaeTCH Ha 1 BnpaBO h noflHHMaeTCH Ha k BBepx, 
no cpaBHeHHio c iipe^bijiymeii. Kan h b cjiynae pacnojioiKeHHH mohctpob, Kor^a .nocTiirHyTa BepxHHH 
CTopoHa KBa/i,paTa, nepexo^HM Ha hhjkhkdk:) no ipiKjry (cnmaeM KBa/ipaT topom). Ho noneMy HiiKaKiie 
Tpii H3 nocTpoeHHbix ToneK He nona^yT Ha o,n,Hy npHMyio? Kax h b 3a,n,aHe npo mohctpm, 3annmeM hx 
KO opflimaTbi ( x,y ). OKa3biBaeTCH, y = x{x — l)/2 (mod 101). H to, hto HHKaKiie Tpii H3 OTMeneHHbix 
ToneK He nonaflaiOT Ha o^Hy npHMyio, OTpancaeT tot 4>aKT, hto napadojia c npHMOii He MoryT nepecenbCH 
b Tpex TOHKaX. 

/I,ajiee o6cy>KflaiOTCH MarnnecKiie KBa^paTbi. (MazuuecKuu k eadpam - 3to pacnojiojKemie nnceji ot 0 
flo n 2 — 1 b KBa/i,paTe n x n TaKoe, hto cyMMbi no BepTiiKajiHM, ropii30HTajiHM 11 rjiaBHbiM ^naroHajiHM 
paBHbi.) CnepBa b TOHKy c KOop/pmaTaMii (fc, l) cthbiim hiicjio nk + l (HyMepapriH KOopflimaT H^,eT 
ot Hyjin). Ecjiii Tenepb BbidpaTb Aadeunoe MnooKecmeo nojiefi (no oflHOii KjieTKe Ha BepTiiKajin n no 
o^hoii no ropii30HTajiH) , to cyMMbi b jho6om TaKOM MHoncecTBe 6yn,eT o/i;Ha 11 Ta nee. JIioSaH npHMan, 
KpoMe ropii30HTajiH hjih BepTiocajiH, ecTb jia^eiiHoe mhohccctbo. Htslk, B^,ojib jho6oh npHMOii, KpoMe Tex, 
KOTopbie HaM HyjKHbi (BepTiiKajieii h ropii30HTajieii), cyMMbi hoctohhhbi. 

Tenepb Mbi Bbi6epeM ^bc HenapajuiejibHbie npHMbie (He BepTiiKajin 11 He ropH30HTajm) L h M. Pac- 
CMOTpiiM hx KaK ocu KoopduHam. nepepucyeM TaOjinuy. B hoboh TaOjiupe b TOHKe c ropii30HTajibH0ii 
KOopfliiHaTOii x h BepTHKajibHoii KOopfliiHaTOii y 6yn,eT ctohtb Taxoe xe hiicjio, KaK b CTapoii Ta6jnme, c 
TeMii nee KOop^HHaTaMii, ho b CHCTeMe ( L,M ). B hoboh Ta6jniu,e ropii30HTajin OTBenaiOT pacnojionceHH- 
hm nnceji Bflojib npHMOii, napajijiejibHOii L, a BepTiiKajin - B^ojib npHMOii, napajuiejibHofi M. nosTOMy 
cyMMbi no ropii30HTajiHM h BepTiiKajiHM paBHbi. (Eipe ocTaeTCH no3a6oTHTbCH o tom, hto6m npii nojiy- 
HiiBmeMCH npeo6pa30BaHiiii CTapaa BepTiiKajin hjih ropii30HTajib He OKa3ajiacn fliiaroHajibio). nojiynaeM 
HCKOMbiH ManiHecKiiii KBa,npaT. 

B npopecce 3aHHTiiH HanoMHHaeM, hto Tanoe KOCoyrojibHaa cucTeMa KOop^HHaT Ha njiocKOCTii, h 
nepeHOCHM KOHCTpyKpmo Ha fliiCKpeTHyio njiocKOCTb - b flaHHOM cjiynae Ha AOCKy 5x5. PucyeM “Kocme” 
och h Hiicjia, b hiix CTOHipue, 3anojiHH6M HOByio TaSjiupy “pyKaMii”. 

Bo3HHKaiOHi,aH: OTCio^a 3a^ana no3BOjiaeT o6cyn,HTb noHHTHe kohcihoh npoeKTiiBHOii njiocKOCTii: 

ropodon DIV-GRAD o6nadaem omJiuuHou aemoSycnou cembw! C Kaatcdou ocmanoeKu mookho npo- 
examb na Jiw6ym dpyzyw 6e3 nepecadon. Kaotcduu Mapmpym uMeem njimb ocmanoeoK, a naotedue dea 
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Mapmpyma uMewm eduHcmeennyw o6ui,yw ocmaHoeny. Ckomko cnee aemo6ycnux Mapmpymoe e amoM 
duenoM zpade? Hapucyume Kapmy. 

TaKHM o6pa30M, sto 3aHHTiie AeMOHCTpupyeT aHajiomiio MeixAy o6bihhoh reoMeTpiieli h AncxpeTHbiM 
MIipOM II IIX B3aiIM0CBH3b. 

Ilpn BefleHiiii 3aHHTiiii no stoii T6M6, HTo6bi no^nepKHyTb napajijiejni3M MeixAy apiiiJiMeTHHecxHM n 
BeipecTBeHHbiM MiipoM, piicyeTca Aocxa, pa3rpa4>jieHHan Ha Ase kojiohkii, HanpiiMep: 


BemecTBemibie micjia 

OcTaTxii no Mo^yjno p 

BemecTBeHHan njiocxocTb 

KjieTnaTan ^oexa 

IIpaMaa Ha njiocxocTii 

JIhhhh 6oh MOHCTpa, jihhhh paccTaHOBXH mohctpob 

^Be npuMbie nepecexaiOTCH He 6ojiee neM b o^hoh Tonxe 

Mohctpm ne 6 bk)t Apyr Apyra 

KocoyrojibHaa ciiCTeMa xoop/i,HHaT 

IlepepHCOBxa xBa^paTa 

IIpoexTHBHaH njiocxocTb 

ropofl DIV-GRAD 


5.2.2 /^BOHHtie h KOMinicKciibie 'iiicjia. opToroHajibHOCTb h iicen;j,oopTOi’oiiajibHOCTb 

PaccMOTpiiM micjia Bi-ma a + bj, iA,e j 2 = +1. ^jih hhx ctpoiitch Teopiin, napajuiejibHan Teopini kom- 
njieKCHbix ’incejr. JIiictox ocMbicjieH TOjibKO xax ^onojiHemie k paccKa3y. U,ejib 3aHHTnfi — noxasaTb 
napaAJiejiu3M Teopini h nocTpoemie Teopini no aHajiornn. IIpejK/i,e Bcero, na^o ynpe^iiTb Heflopa3yMeHiie 
- ecjni j 2 = 1, to niKOjibHHKH MoryT cniiTaTb, hto j = ±1, a sto — He Tax, j ecTb (JiopMajibHaH 6yxBa. 
B CBeTe 3toto HaAO o6cyn,HTb (JiopMajibHoe onpe^ejieHne xoMnjiexcHoro Hiicjia xax napbi BemecTBemibix 
miceji n aHajioriiHHoe onpeflejiemie deounozo uucjia (bmccto TepMiiHa “^BOiiHoe hiicjio” ya,o6Hee ynoTpe6- 
jiHTb TepMiiH “riinep6ojniHecKoe”) a + bj onHTb-Taxii, xax napbi BemecTBeHHbix Hiiceji, ho c HecKOJibKO 
ApyrnM yMHOXKenneM (b cjiynae KOMnjieKCHbix Hiiceji (a, b ) • (c, d ) = (ac — bd, ad + be), b riinep6ojinne- 
ckom cjiynae (a, b) ■ (c, d) = (ac + bd, ad + be)), ^ajiee, jierxo onpe^ejinTb xBaApaT MOAyJifl xax a 2 — b 2 n 
npoBepiiTb cbohctbo npoH3BefleHiiH. Fopa3flO Bancnee noHHTb, noneMy onpeflejieHiie TaxoBO. 

PaccMOTpiiM aHajior xoMnjiexcHbix Hiiceji c ycjiOBHeM i 2 = —c, c > 0. Toiyja, nojiojxiiB i! — i/y/c, 
HMeeM (i') 2 = —1, h mm B03Bpain;aeMCH x Teopini oSbiHHbix xoMnjiexcHbix Hiiceji. Ilpn stom \z\ 2 = a 2 +cb 2 . 
Tenepb nojiojxnM c = — 1 ii nojiyHHM, hto \a + bj\ 2 = a 2 — b 2 . AHajioroM e/prammoH oxpyjKHOCTii 
CTanoBiiTCn mnep6ojia x 2 — y 2 = 1. Jdj&nee o6cynyi,aeTCH xoHpenpiiH apzyMenma xax ya,BoeHHOii njioipaflii 
cooTBeTCTByiomero xpiiBOjiimeimoro cexTopa. IIo aHajiorini c CHTyapiieii, xor^,a i 2 = —c, noxa3biBaeTCH, 
hto npii yMHOJKeHini apryMeHTbi cxjiaflbiBaiOTCH. 

B 3axjnoHeHiiii mojxho noroBopiiTb o dyajimux uucjiax, xor^,a j 2 = 0. 

PjiaBHoe 3,necb - paccxa3 o noempoenuu meopuu no aHajiorini, b ^annoM cjiynae penb ii^eT o npneMe 
BBeflemiH napaMeTpa n noACTaHOBxii SHanemiH H3 u 3anpeTHOii o6jiacTii”, b ,o,aHHOM cjiynae 113 o6jiacTii 
c < 0. 

5.2.3 O reoMeTpmi JIo6aHeBCKoro 

TeMa, n3JiojxeHHaa: b pa3AeJie 15.2.21 cjiyxxiiT npone^eBTiixoii x iisyneHHK) HeeBxjinflOBOii reoMeTpini (cm. 
BSD- 0,n,Ha H3 jiynninx 03Hax0MHTejibHbix xhiit - M- Otmctiim Tojibxo nceB^OHayHHOCTb cjie,nyioin,ero, 
yBbi, pacnpocTpaHeHHoro noflxo^a: omicbiBaeTCH MO^ejib (Ksjin-KjieiiHa hjih IlyaHxape) n npoBepmoTCH 
axciiOMbi. Taxoii juiCTonex jierxo cocTaBiiTb, ho CMbicjia b TaxoM 3aHHTiin (tcm 6ojiee, He no^mepjxaHHOM 
o6cyjx/i,eHHeM) 6y^eT HeMHoro. Ilpn Taxoii nonane MO^ejib He B03HiixaeT ecTecTBeHHbiM o6pa30M. Mo- 
flejib Ksjiii-KjieiiHa ecTecTBeHHO B03HiixaeT, HanpiiMep, npii npiiflaHiiii CMbicjia noHUTino efiepa mhumozo 
paduyea ii nocTpoeHini ee peHTpajiBHOfi npoexpiin. 

npo^BHHyTbix ynamHxca nojie3HO o6cyD,HTb cjie^uyiomyio 3a^,aHy 021]): Keadpam pa36um na mpeyzoji'bHUKU paenou 
riAou^adu. l ZI l 0Ka3am'b, umo ux uucao uemno. 

H^ea ^OKa3aTejibCTBa: Ecjih kojibhcctbo TpeyrojibHHKOB HeneTHO, to y^BoeHHaa njiom,a^],b Ka^c^oro cpaBHHMa c HyjieM no 
MO^yjno 2, Tax hto BeKTopHoe npoH3Be,n,eHHe BexTopoB, o6pa3yion],Hx TpeyrojibHnx, paBHO Hyjno no MO,a,yjno flBa. TeM caMbiM 
jno6bie Tpn BepniHHbi TpeyrojibHHHxoB pa36neHnn xojuiHHeapHbi no MO,nyjno 2 (ecjin xoop^HHaTbi BepniHH TpeyrojibHnxoB 
pa36neHHH ecTb pan,HOHajibHbie nncjia, b 3HaMeHaTejib xoTopbix He bxo^ht flBOHxa), a BepniHHbi e^HHHHHoro xBa^paTa — 
HeT. 06in,nn cjiynan OTJiHnaeTCH ,n,o6aBjieHHeM ajire6paHHecxoii TexHHxn. 

14 B HCTopnn HeeBXJin^OBOH reoMeTpnn ecTb 3ara^xa, Ha xoTopyio aBTopbi He HMeiOT yzi,OBJieTBopHTejibHoro OTBeTa. Oxa- 
3biBaeTcn, hto h Jlo6aHeBCXHH, h Bohhh, h Faycc hmcjih MO^,ejib KajiH-KjieiiHa, ho npH stom HenpoTHBopenHBOCTb HeeBxjiH- 
^oboh reoMeTpHH Tax hmh h He 6bijia ^oxasaHa! Ohh paccMaTpHBajiH njiocxocTb, xacaTejibHyio x opneej^epe, h ee npoexu,Hio 
Ha opHCcj^epy b^ojib nynxa npnMbix, cooTBeTCTByiomero opHeeJiepe. BHyTpeHHHH reoMeTpHH opHCcJiepbi - o6biHHan eBXjiH- 
^,OBa reoMeTpHH. HeeBXJiH^OBa njiocxocTb npoeu;HpoBajiacb Ha BHyTpeHHOCTb xpyra, a npnMbie — Ha xop^bi. Bee cJ)opMyjibi 
6bIJIH H3BeCTHbI (cm. ED- OcTaBajiocb tojibxo cxasaTb cjiOBa u MO^,ejib” h u Ha30BeM njiocKocrm>w BHyTpeHHOCTb xpyra, npn- 
mou — xop/iy, paccmoHHueM — jiorapH(J)M ^BOHHoro OTHomeHHH neTBepxH Tonex, BOSHHxaiomHx npn ceHeHHH” (cjDopMyjia, 
H3BecTHan JIo6aHeBCxoMy, Bohhh h Tayccy). Bo3mojxho, ohh nonajiH b jiOBymxy xaHTOBCxoii 4 >hjiococJ)hh: reoMeTpHnecxHe 
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0/i,hh H3 RBTopoB CTajiKimajica c drryapHeft, KOTopaa noKa3aTejiBHa KaK ran noBepemia TpeHepa. 
OpnH ynacTHHK c6opoB Ha MeacpyHapopHyio ojiriMmiapy xoponio yMeji pemaTb 3apaaH, ncnojib3ya noj ia- 
pumern ^ ], KOTopbift BOcnpimiiMajica KaK 0JinMirnapHbiH TpiOK. O cbh3h nojiapiiTeTa c nceBpocKajiapHbiM 
npoiraBepemieM h cooTBeTCTBneM “sKBaTop-nojnoc” Ha c<J>epe hikojhjHhkh He nopo3peBajiii. Ha Bonpoc 
TpeHepy o tom, noaeMy HiKOjibHHKaM sto He paccKa3biBajin, 6biji nojiyaeH otbct “hct BpeMemi”, T.e. 
cmbicji noHHTHH h ero HayaHoe copepacamie TpeHepy HeBaamo. 

5.3 03HaKOMJieHHe C HOBL.IMH KOHU,eiITyajIL»HO 3HaHHMMMH IIOHSITHSIMH 

Mbi npimepeM HecKOjibKO npiiMepoB pa6oTbi c HOBbiMii hohhtiihmii, rpe Heo6xopHM pnajior. 

5.3.1 MeTOfl MaTeMaTHaecKofl HHpyKpHH 

OopMHpoBaHne noHnraa MaTeMaTiiaecKOii impyKipiii - pejio pajieKO He npocToe. CooTBeTCTByioipiie Me- 
TopiiaecKiie npofijieMbi CTaBHTca 11 pemaiOTCH b 3aMeHaTejibHoii pa6oTe H. C. Py6aHOBa |12[ . B Hen 
noppo6HO pa36npaiOTCH, b hbcthocth, piiajiorH, B03HiiKaioiii;He npn npenopaBaHiin 3 toh TeMbi. MeTopn- 
aecKiie npo6jieMbi (fiopMHpoBamia hobbix noHHTHii oScyacpaiOTca Taoce b pa6oTe [3] , KOTopaa ocHOBaHa 
Ha CTaTbe H. C. Py6aHOBa. Pa6oTa m HHTepecHa h Baaoia othiopb He tojibko b njiaHe npenopaBamia 
cnepiic|3iiHecKOii TeMbi, ho ii b 6 ojiee oSipeM KOHTeKCTe. 

5.3.2 TeopHH HHcJiopMaipm 

Dpjib 3aHHTiia — He TOjibKO o6yaeHiie HeKOTopbiM npneMaM, npepHa3HaaeHHbiM pjia peniCHiia ojiiiMmi- 
apHbix 3apaa, ho ii tfiopMupoBamie KOHpenpiin KOJinaecTBa iiHcJiopMapiiri. JIiictok MoaceT ponojiHaTb, 
ho He 3aMeHHTb pnajior. 0Ty TeMy mohcho H3JiaraTb pjia yaaipiixca pa3Horo ypoBHa - ot HaaimaiomHx 
po npoflBHHyTbix. HaHHHaiomiix cjiepyeT orpaHiiaiiTbca 3apaaaMii o B3BemiiBaHiin h yrapbiBaHiiri 

(cm. muni), o6bacHeHiieM, hto Tanoe mpum h KaK oh coothochtch c 6umo.u (noHHTiie AozapuifoMa 3pecb 
mohcho o6bhchhtb no xopy pejia). ^Jia 6ojiee npopBHHyTbix mohcho 3aTpoHyTb BepoaTHOCTHbie acneKTbi. 
H, HaKOHep, pjia Han6ojiee npopBHHyTbix mohcho 3aTpoHyTb noHHTne aumponuu (cm. (T5]). B nocjiepHHe 
ropra 3Ta TeMa (npoMe 3apaa Ha B3BeiHiiBaHHe) b KpyncKax npaKTiiaecKii ne npepcTaBjieHa, ho b to ace 
BpeMH, b cbh3h c pa3BHTiieM HH(J>opMaTHKH, ee 3HaaeHne B03pocjio. IIosTOMy mbi ee pa36npaeM noppo6HO. 

3aHHTiie HaaiiHaeTca co BCTynjieHiia. Bee mu cma./iKuea.auc'b c nonjimueM “urufiopMayusi” u ee u3Me- 
peuueM. Mu 3naeM, nmo na cpjieiuKe noMeipaemcA Mem>iue uncfiopMayuu, ueM na otcecmKOM dun ce. Ho 
KaK 6upa3urm> MameMamunecKU 3mo 6umoeoe nounmue? HanpuMep, ymeepxcdaemcA, nmo 15 uwaa 
e Caxape ne 6ydem doMcdn. Tanan <ppa3a eu3ueaem yjiu6Ky. TeM ne Menee, KaKan-mo urufiopMayuH 
3aKjiwueHa e omoM nposno3e. Kama UMenno, u KaK 9mo u3Mepumt>? 

Mbi oScyacpaeM 3apaan 06 yrapbiBamiri 3apyMaHHoro aiicjia, MCHbinero 1000, 3a MHHHMajiBHoe hiicjio 
B onpocoB, Ha Kaacpbiii 113 KOTopbix B03MoaceH otbct “pa” hjih “HeT”. ,Z(ajiee o6cyacpaeTca Bonpoc 06 
o 6 Hapyacemiii 6 ojiee Taaceaoft cjiajibHiiiBOH mohctbi Ha HanieHHbix Becax 6e3 mpb 3a MHHHMajiBHoe hiicjio 
B 3BemHBaHiiii. B nepBOM cjiyaae cpepn 2 n anceji 3a n BonpocoB mohcho yrapaTb 3apyMaHHoe (a 113 
6 ojibniero Ha 6 opa HejiB3a), a bo btopom - H3 3” mohct MoacHO onpepejiiiTb (JiajibimiByio. npii stom 
nepajinpyeTca upea npocmpancmea eapuanmoe h ero cacaTHa nocae Kaacporo peftcTBiia. 

^(ajiee o6cyacpaeTca cjiyaaft, Korpa Heii3BecTH0, jierae jih (JiajibimiBaa MOHeTa hjih Taacejiee h KaK 
ee onpepejiiiTb 113 12 mohct 3a 3 B3BemiiBaHiia, hjih h3 39 mohct - 3a 4 B3BemiiBaHHa. 3pecb npea 
npocTpaHCTBa BapnaHTOB noMoraeT coKpaTHTb nepe6op - B3BeiHiiBaHHH Hapo nop6npaTb TaK, hto6bi 
HHCJIO B03MOaCHOCTefi npii MaKCHMajIbHOM IlCXOpe 6bIJI0 MIIHIIMajIbHbIM. nOppoGHOCTII CM. mnD]. 

Tenepb Mbi roBopiiM o 6umax h 6aumax h o mpumax h oSbacHaeM, noaeMy TpiiT - sto log 2 3 6 iit. 
(BnHaecTep c k 6nTaMii MoaceT HaxopiiTbca b 2 fe cocToaHiiax, a BHHaecTep c l TpHTaMH MoaceT HaxopHTbca 
b 3 ( cocToaHiiax. HH(J)opMaH,Hio c opHoro MoacHO neperHaTb Ha ppyrofi h o6paTHO, ecjni 2 k ~ 3 ( . OTCiopa 
nojiyaaeTca, hto k ~ log 2 3 • /, T.e. log 2 3 6iiTa b nepecaeTe Ha opira TpiiT npii k 1.) AHajiomaHO 
BBopiiTca ii o6cyacpaeTca n-um , copepacaipnii log 2 n 6 iitob. 3pecb mohcho nonyTHO o6cypiiTb c yaaipriMiiCH 
noHHTHe AOzapucpMa. 

noHSTHH ^aHti BoroM, OTCiopa hx hcthhhocte.. HaM npe^CTaBJineTCH pa 3 roBop 06 stom co niKOjibHHKaMH Hpe 3 BBiHaHHO 
Ba^KHbiM. IlpH OTKpbiTHH cneu;HajibHOH TeopHH OTHOCHTejibHOCTH Taiofce npHHiJiocb npeo^ojieBaTb KaHTOBCKyio cJdhjioco- 
(J)hio h CHTyaii;HH 6 biJia bo mhotom aHajiorHHHa otkpbithio HeeBKjiH^OBOH reoMeTpHH. 06 otom nHrneT BepTreHMep na 
(co3^aTejib reniTajibT-ncHxojiorHH, no coBMecTHTejibCTBy yHHTejib MaTeMaTHKH, oh HHTepBbiOHpoBaji OHHHiTeiiHa). B ero 
KHHre o 6 cyjK^aiOTCH HHTepecHbie sa^ann, KOTopbie mohcho Hcnojib30BaTb ,zi,jih 3aHHTHH. 

15 Cm. https://ru.wikipedia.org/wiki/nojiioc_H_nojiHpa 
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^jih 6ojiee npoflBHHyTbix ynamiixcH mojkho yrjiy6iiTBCH ,n,ajiee. Bo3Bpam;aeMCH k yraflBiBamiio hh- 
ceji. Ecjiii 3a^yMaH0 'ihcjio, MeHbinee 1000, h mbi 3a,a,ajiii Bonpoc: “sa^yMamioe hiicjio OojiBine 500?”, to 
mbi nojiynaeM oflim 6 iit nH(|)opMannn H3 OTBeTa. Xopoino, a ecjrn 3afla^iiM Bonpoc “3a^yMaHHoe hiicjio 
6ojiBme 100?”, to KaKyio imcjjopMaipiio mbi nojiyniiM? 

C BepOHTHOCTBIO 0.1 MBI COKpaTIIM KOJIIIHeCTBO B03M0JKH0CTefi flO 100 II nOJiyHHM HH(|jOpMaHHIO, 
paBHyio log 2 1000 — log 2 100 = log 2 10, Ho c BeponTHOCTBio 0.9 mbi coKpaTHM kojiiihcctbo bo3mojkhoct6h 
tojibko flo 900 ii nojiyniiM iratJiopMapiiio, paBHyio log 2 1000 — log 2 900 = log 2 (10/9). CjieflOBaTejiBHO, 
MaTOJKH^amie nojiyHCHHOii h h ijx) p m a p h h 6 yp,eT paBHO 0.1 • log 2 10 + 0.9 • log 2 (10/9). AnajiorH'iHO, ecjrn 

eCTB OnBIT C B03MOJKHBIMII HCXOflaMII, BepOHTHOCTII KOTOpBIX paBHBI p II q (p + q = 1), TO MaTOJKHflaHHe 
KOjiiinecTBa HH(J)opMaii,nn 6 yp,eT paBHO — plog 2 p — < 7 log 2 g, a ecjrn bo3mojkhbix ncxoflOB hbckojibko h 
K ajKflBIII 113 HEX HMeGT BCpOHTHOCTB Pi (Y2 Pi = 1), TO OJKHflaHHe KOJIIIHeCTBa HH<J)OpMaHHH SyfleT paBHO 

- YYvdog 2 Pi. 

3,gecB mbi y»ce totobbi cjjopMajiBHO bbihhcjiiitb HHcjiopManwo, KOTopyio HeceT yTBepjKpemie o tom, 
hto 15 ihojih 2015 rofla b Caxape 6 ypeT HCHaa noropa (BepoHTHOCTB ^ojk^h 10~ 4 ), ho TeM He MeHee Ha- 
flo noHHTB ero cmuca. PaccMOTpiiM noejieflOBaTejiBHOCTB noKasamni HeKOToporo p,aTHiiKa. BepoaTHOCTB 
peniCTpapiiii ciirHajia Majia, CKaixeM, 10~ 4 , ho nocjie^OBaTejiBHOCTB noKasamiii p, 0 CTaTOHHO fljiiiHHan, 
fljiiiHBi n 3> 1. HTax, mbi HMeeM pjniHHyio noejieflOBaTejiBHOCTB Hyjiefi h epiiHim,, c kojiiihcctbom epriHim, 
npiiMepHO paBHBiM 10~ 4 ?i. /[boiihhbiii jiorapiicjjM ot Hiicjia TaKiix nocjieflOBaTejiBHOCTefi h ecTB iiHtJiop- 
MapiiH, KOTopyio BBi^aji HaM paTHiiK. Pa3flejniB 3Ty BejiiiHimy Ha n h nepeima k npe^ejiy, mbi nofiMeM, 
hto 03HanaeT iiHcjjopMaipiH, KOTopyio ,n,aeT o,h,ho noKa3aHiie p,aTHiiKa. 

MaTepnaji Taxoro pop,a MOJKeT BapBiipoBaTBCH b 3aBiiciiMOCTii ot ypoBHH (ciijibi) Kjiacca. C p, 0 CTa- 
tohho chjibhbimh yHaiu,HMHCH mojkho o 6 cyfliiTB SHTpomiio ii Teopmo IHeHHOHa. 

Bee BBiiHenepeHiicjieHHBie BonpocBi HyiK/i,ai 0 TCH b ny 6 jiiiHHOM o 6 cyjKfleHiiii nepe,n, KjiaccoM, h 6 o pejmio 
HBjiaeTCH (JiopMiipoBaHHe hobbix noHHTiiii ii MeTOflOJiorini. JIiictkii 3^ecB MoryT 6 bitb nojie3HBi tojibko 
K ax ^onojiHeHiie. 

5.4 Ot pemeHHH otkpmtoh npo6jieMbi - k MeTO^y 

5.4.1 KBa/i,paTHHHbiH 3axoH B3anMHOCTH h nocTpoeHHe npaBHJibHbix n-yrojibHHKOB 

/[amias TeMa npep,Ha3HaHeHa fljin ,gocTaTOHHO npoflBimyTBix ynamiixcH. 

K. 4>. Payee opHOBpeMeHHO peninji flBe 3a,n,aHH (nyOjiiiKapini pa3JiiiHajiHCB no BpeMemi Ha He^ejno). 
Oh bbihchhji, npn Kaxiix npocTBix p b nojie bbihctob Z p cyrpecTByeT yfq h o^HOBpeMeHHO nocTpoiui 
npaBiuiBHBiii ceMHaflpaTiiyrojiBHHK. Kan oh ^eiiCTBOBaji? 

JlerKO BH^eTB, hto ecjiii y/qi h npiraafljieiKaT Z p , to y/qi02 € Z p , ecjin »ce y/qj € Z p h yfipi ^ 

T0 \J1il2 £ Z p . HecKOjiBKO TpygHee noxasaTB, hto ecjin y/qi ^ Z p h yfq 2 ^ Z p , to y/q\qi € Z p . TeM 
caMBiM 3aflana cbo^,htch k BBiHCHemno Bonpoca o npiiHa^neiKHOCTH Z p bcjihhhh i = \J — 1 = \f\ h yfq 
1 [pw npocTBix q. 

HcnojiB3ya: Majiyio TeopeMy OepMa (b o6paTHOM HanpaBjieHini) h tot cjiaKT, hto mhotohjich n-it 
CTeneHii iiMeeT He SojiBine n KopHeft, nojiynaeM, hto i £ {0, 1,... ,p — 1} Tor^a h tojibko Tor^a, Kor^a 
i p — i = 0. 3to - nepeasi KAwueeasi udesi, HyiK^aiomaHCH b aKpeHTiipoBaHiin BHiiMaHiia h o 6 cyjKfleHiiii. 

EcTecTBCHHO nojiyniiTB 6 ojiee 06111,1111 cjiaKT: ecjin ^ = \/l - HenpiiBOfliiMBiii KopeHB n-fl CTeneHii 113 
e^HHHpBi, to £ p — £ = 0 p = 1 ( mod n). B HacTHOCTii, = s/l £ Z p p = 3fc + 1. 

CjieflOBaTejiBHO, y/^3 £ Z p p = 3k + 1. 

OKpBijieHHBie 3TiiM ycnexoM, nojiynaeM, hto \[2 = u j+w -1 , r^e w = nosTOMy \/2 P = ( uj+ui~ 1 ) p = 
uj p + lo~ p = ui + OJ^ 1 = \[2 Tax hto \ // 2 P = \/2 npii p = ±1 ( mod 8) h tojibko b stom cjiynae. 

TenepB hcho, hto y/5 Ha^o BBipa3iiTB nepe3 KopHii nHTOii CTeneHii 113 1, T.e. nepe3 KopHii ypaBHeHim: 
x 4 + x 3 + x 2 + x + 1 = 0. Pa3flejiiiB Ha x 2 11 c^ejiaB 3aMeHy t = x + 1/a:, naxo^iiM t = (—1 ± \fE)/2. 
HTaK, ecjin ^ = <f\ - HenpiiBOfliiM, to t = £ + £ _1 . PaccyiKflaH aHajioniHHO, nojiynaeM, hto y/5 £ Z p , 
ecjin p = ±1 ( mod 5). 

no aHajiorHH c npeflBiflymiiMii cjiyHaaMii, CTpeMiiMCH BBipa3iiTB (—1± \/±7)/2 nepe3 KopHii ypaBHe- 
hhh x 6 + x 5 + x 4 + x 3 + x 2 + x + 1 = 0. HaiiBHoe KomipoBaHiie npeflBiflymero cjiynan He npoxo^HT: ecjin 
pa3flejniTB Ha x 3 11 c^ejiaTB 3aMeHy t = x + x~ 4 , to B03HiiKaeT ypaBHeHiie TpeTBeii CTeneHii. H 3^ecB 
HyiKHa 

Bmopasi KJiwueeasi udesi. Hto Tanoe HenpiiBOfliiMBiii KopeHB ce^BMofl CTeneHii 113 efliiHim,Bi? 9 to 6yKBa, 
yu,OBjieTBopHioiii,aH paBeHCTBy x e + x 5 + x 4 + x 3 + x 2 + x + 1 = 0. C stoii tohkii 3peHiiH x h x k hhhcm He 

OTjHinaiOTCH (ecjin tojibko k /. 7). Kor^a KopHii pa36iijin Ha napni (x + a: _1 ), hx nojiyniuiCB Tpii. 3aM6HBi 
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Tima x k —> x 3tii Tpii napw nepecTaBjinjm, He Hapyman rpynmipoBKii. IIpH stom cyMMbi x k + x~ k 
oxa3ajmcb KopHHMii MHoroHjieHa TpeTbeii CTenemi. 3HamiT, Ha^o czpynnupoeame Kopnu ne e mpu, a 
e dee zpynnu, man umodu 3aMena euda x k —> x coxpaHsuia zpynnupoeKy. Tor^a cjiepyeT coKimaTb (no 
aHajionm c npeflbmym,HMii cjiyHanMii), hto cyMMa b o^hoii rpynne paBHa (—1± \J— 7)/2. Ecjih £ - KopeHb 
ypaBHemia x e + x 5 + cc 4 + x 3 + x 2 + x + 1 = 0, to c ( rpynnnpyiOTCH £ 2 ,£ 4 . H p,encTBHTejibHO, jierKO 
npoBepiiTb, hto £ + £ 4 + £ 2 = (—1 ± \/^7)/2. H ecjrn p = 1,2,4 ( mod 7), to y/^7 € Z p , ecjm ace 
p = 3,5,6 ( mod 7), to \/~^7 </ Z p , nocKOJibKy Tor^,a (£ + £ 4 + £ 2 ) p = £ 3 + £ 5 + £ 6 = 1 — £ + £ 4 + £ 2 . (Ecjih 
£ + £ 4 + £ 2 = 1 - £ + £ 4 + £ 2 , TO (-1 ± %/ = 7)/2 = £ + £ 4 + £ 2 = -1/2, Tax hto \/^7 = 0 ( mod (p)).) 

/I,ajiee pa36iiBaeM xopmi 11-it, 13-ii, 17-11, 19-li CTenemi H3 e^HHiinbi Ha ,n,Be rpynnbi. CooTBeTCTByio- 
m,ne cyMMbi oxa3BiBaiOTCH paBHbiMii (—1 ± \/— ll)/2, h T.p,. 

Tenepb Ha^o ,n,aTb omicamie rpynmipoBxn KopHelt Ha p,Be rpynnbi b o6m;eM Bii^e. IlycTb £ = v/l 
HenpiiBOfliiMbiii KopeHb n-n CTenemi H3 e;piHnn,bi. Hto rpynmipyeTcn BMecTe c £? BbimicbreaiOTCH rpyn- 
nupoBKH h 3aTeM odHapyjxiiBaeTcn hto bchxhii pa3 depyTcn xBappaTM no Mopyjno p\ 

-l±y/e(p)p 


CyMMa jxe hjichob b rpynne paBHa 


, r^e e(p) = 1 npn p = 4k+l n s(p) = —1 npn p = 4k— 1. 
k _ -!±\/e(p) 


OcTaeTCH npoBepiiTb paBeHCTBO J2k=s^ ( mod ( P )) £ fe = 2 

/Jajiee 113 3 Toro BbiBO^iiTcn k eadpamunnuu 3<ikoh e3auMHocmu: yfp € Z g yfq € Z p , xor,na xoth 

6bi oflHO H3 npocTbix Hiiceji p, q HMeeT Bnp, 4k + 1; ecjrn >xe ohh o6a HMeiOT Bnp, 4k — 1, to € Z g 4=£> 


v^^Zp. 

BTopan ocHOBHaa no3BOJineT CTpoHTb npaBHjibHbiii ce mii a,; i, i pit h yrojinmix. Hapo cnepBa 

crpynnHpoBaTb 16 HenpiiBopiiMbix xopHen 17-ii CTenemi n3 epimiipbi Ha p,Be rpynnbi no 8, xax pam>- 
me, 3aTeM xaxcpyio noppa36iiTb Ha p,Be rpynnbi no 4, a xaixpyio rpynny no 4 - Ha p,Be rpynnbi no 2 
kophh. ITpn stom jno6an nop,CTaHOBKa £ s — > £ (s = 1,..., 16) flojinoia tojimco nepecTaBjiaTb rpynnbi, 
He Hapymaa nx CTpyKTypbi. IIojie3HaH xypcoBaa pa6oTa p,jm mKOjibHiixa - nocTpoiiTb npaBHjibHbiii 17-n 
yrojibHHK, a TaKnce 257 n 65537 -yrojibHiiKii c (noMom,bio KOMnbiOTepa!). 

PaccKa3 o rpynmipoBKii KopHeii cjiynciiT nponep,eBTiiKon k Teopnn Eajiya, H/ieiiHO pasrpyjxaa ,najib- 
Heiimee nsynemie. 3p,ecb cooTBeTCTBiie Eajiya (imBapnaHTHbie no/piojin) 3ap,aiOTCH rpynnaMn KopHeii, 
ii nx nocTpoemie BbiCTynaeT Kax 3MnnpnHecxHH npneM. 0 /(aHHbiii paccxa3 no3BOjmeT Tax>xe npo/i,e- 
MOHCTpupoBaTb ynamiiMcn “ryMaHHTapHbin” cnoco6 no3HaHiin: Hap.o BixiiTbcn b repon (b flaHHOM cjiynae 
K. <J>. Eaycca) n nepe3 sto yBimeTb, xax oh fleiicTBOBaji. 


5.4.2 3a,n,aHa 06 n — 2 TpeyrojibHHxax h jiHHeiiHoe BaptupoBaHHe 

Bojiee 100 jieT (c 1870 no 1979) CTonjia OTxpbiTan npodjieMa: 

n npjiMux o6'W,ezo noAocHceHua (m.e. HUKaKue dee we napaji-aeAmu, HunaKue mpu ne nepeceKawmcn 
e odnou mouKe) de/iam ruiocKOcmb na uacmu. /joKa3amt>, umo cpedu uacmeu pa36uenuA naudemcfi ne 
.uenee n — 2 mpeyeoAmuKoe. 

0Ta npodjieMa n Bonpoc o tom, xax flopyMaTbcn p,o ee pememin, o6cyjx/i,aeTCH b C2U- H 3 ee pememiH 
opraHiiHHO B03HiixaeT Memod Kamacmpocfi. PadoTy m Taxixe mojxho ncnojib30BaTb xax MaTepnaji ^jih 
3aHHTim no 3TOMy MeTOfly. 


5.5 /^eMOHCTpaiJHH CHJIbl nOHHTHa 
5.5.1 MeTop, peHTpa Macc 

MajieHbxne p,eTH jiio6ht Mamraxy c He cjinmxoM cjioixHbiM ycTpoiicTBOM: 3p,ecb daTapeiixa, 3p,ecn Bbi- 
xjnonaTejib, 3p,ecn MOTopmix, 3p,ecb mecTepeHxa. He6ojibmyio Teopino, no3BOjimoin,yio pemaTb 3ap,aHii 
MeTop,OM peHTpa Macc, mojxho ynoflodiiTb Taxon Mamimxe. HMeeTcn ocHOBHoe nomiTHe - yenmp Macc. 
Hmciotch p,Be TexHimecxne jieMMbi: o tom, hto nopyiiCTeMy rpy30B mojxho 3aMeHHTb Ha rpy3 cyMMapHoii 
Maccbi, pacnojiojxeHHbiii b peHTpe Macc noflcucTeMbi, n ot stoto pemp Macc cucTeMbi He ii3MeHiiTCH, n 
jieMMa o nojioJxeHiiii peHTpa Macc cucTeMbi H3 p,Byx Tonex c MaccaMii m n M cooTBeTCTBeHHO. Mimna- 
TiopHan pa6oTaKnn,an Teopnn cjiynciiT xopomiiM o6pa3v,0M HayHHOii Teopnn. 

IIoflo6Hyio p,eMOHCTpan,ino moixho noBTopiiTb npn npenoflaBamin tcm “pemeHne 3ap,an c noMombio 
MOMema HHepipm”, “a<})(jmHHbie n npoexTiiBHbie npeo6pa30Bamin”. 

16 JloByniKa b iiftemytaiimiMM TeopnH Tajiya — b 6oraTCTBe Hflefi, cojiepjKamHXCH b kopotkom TeKCTe, ho rpeCiy kjikmx 
ocHOBaTejiBHOH npopa6oTKii. (f Ioxo>k;l>[ CHTyapHH h c ueinn.iMH ^po6hmh.) 


13 







5.5.2 Ajire 6 pa, Teopua nojiefi 

D,ejib paHHOft tcmbi - npo^eMOHCTpiipoBaTb ajire 6 paiiHecKHe KOHn,ennnH, B03HiiKinne b Hanajie 19 Bexa, 
H3MeHHBiniie jiiipo ajire 6 pbi. 

E[ycTB K - HeKOTopoe no/ie, T.e. MHoatecTBO (KOMnjieKCHBix) 'iwcejr, 3aMKHyToe OTHOCiiTejibHO apiitj)- 
MeTHnecKHx onepapim, T.e. onepannii cjioaceHiia, BbiHHTamia, yMHoaceHiia n pejiemia (xpoMe pejiemia Ha 
Hyjib). Paciuupenue uoaa K HaSopoM anceji {xi} ecTB MHoacecTBO micea, nojiyHaioipeeca H3 nojia K h Ha- 
6 opa {x^ c noMon^bio apncjjMeTHHecKHx onepapnit. Hhbimh cjiOBaMH, sto MiiHiiMajiBHoe no BKjnoHemno 
nojie K', copepacaipee K U {xi}. 

3th pBa noHHTiia BbirjiapaT coBepmeHHO HeBiiHHO, opHaKO hx pocTaTOHHO pjia peinemia 3HaMeHiiTBix 
3apan ppeBHOCTH 06 ypBoemni xy 6 a h TpHceKpini yrjia. Mbi sto npopeMOHCTpnpyeM, hto 6 bi HiiTaTejm 
OTHecca c pojiambiM yBaacemieM n k ppyniM noHHTiiaM Teopmi nojiefi, OTpaacajoiipiM rjiy 6 oKiie npen, 
KOTopnie HeoSxopnMO He enema npopyMaTb. KopoTKiie tckctbi c 6 ojibmon KOHpeHTpapneii npeft BecbMa 
KOBapHbi (HanpiiMep, npn irayHemni penHbix ppo 6 eii Tanace CTajiKHBaiOTca c 6 ojibmnM hiicjiom npeft b 
kopotkom TeKCTe, OTCiopa MeTopiiHecKiie npoSjieMbi). Hx Hapo H3ynaTb onenu MedAenno. 

^OKasbiBaa HeB03MoamocTb ypBoemia Ky 6 a, nojie3HO o 6 cypiiTb 4>eH0MeH c(>opMaAU3au,uu. Hto 6 bi po- 
Ka3aTb B03MO>KHOCTb nocTpoemia pupKyjieM h jinHeitKoit, pocTaTOHHO noHiiMaHiia npopepypbi c no3iin,ini 
o 6 biHHoro 3ppaBoro CMbicaa. OpHano pjia poxasaTejibCTBa neeo3Moatcnocmu Heo 6 xopiiMO caMy npope- 
pypy nocTpoemia cpejiaTb MaTeMaTiiHecKiiM o 6 bCKTOM, T.e. <fiopMaAU3oeamu. (AHajioniHHbie pa3roBopbi 
cjiepyeT bccth npn H3y r ieHnn nocTpoemia opHoft jnmeftKoft.) Ilpeaepe Bcero, ecjm 3apaH epiiHHHHbift ot- 
pe30K, to HecjiOiKHO npoBepiiTb, hto Bee pjinHbi, KOTopbie Mbi MoaceM nocTpoiiTb, BbipaacaiOTca nepe3 1 
c noMOipbio apn(J)MeTHHecKHx peftcTBini h BbiHHCjiemia KBappaTHoro kophh. 

Hto 6 bi pa3rpy3HTb upeftHyio nacTb, nojie3HO BbipaTb jiiictok c y i i pa >k h e hh a m m . Mojkho HanaTb c 
ynpaacHemia, KOTopoe pocTynHO HiiTaTejno, 3Haioiii,eMy, KaK pejinTb MHoroHjieHbi c ocTaTKOM: 

Ynpa>KHeHHe 1. /(emu mhozohach P mpemueu cmenemi u MnozouAen Q emopou, cmenenu, o6a c 
payuonaAumiMU Koo/xpuyuenmaMU. /(OKaatcume, nmo ecAu P uQ uMewm o6tyuu Kopem, mo MnozouAen 
P UMeem payuonoAunuu Kopenu. 

3tot cJmKT jierKO oSoSipaeTca pjia npoii3BOJibHoro HiicjiOBoro nojia: 

Ynpa>KHeHHe 2. /(ami mhozohach P mpemueu cmenenu u MnozouAen Q emopou cmenenu, o6a c 
KooppuyuenmaMU U3 uoaa K. /(oKaotcume, nmo ecAu P u Q UMewm o6iyuu Kopem, mo MnozouAen P 
UMeem Kopem e K. 

KeadpamunmiM pacmupenueM K' uoaa K Ha3biBaeTca pacnnipeHiie K KopHeM KBappaTHoro Tpex- 
njieHa c Koac^tfaipneHTaMH H 3 K. 

YnpaxHeHMe 3. /(oKaotcume, nmo naoteduu SAeMenm U3 K’ au6o npunadAeotcum K, au6o neAnemcA 
KopneM neadpamnozo ypaenenuA c Koo/xpupuenmaMU U3 K. 

CjiepcTBHe 1. Ilycmb noAe K eemu neadpamunnoe pacuiupenue uoaa L. Mhozohach P c koo/x/u- 
yuenmaMu U3 L UMeem cmenenu 3 u He UMeem Kopnn e L. Tozda y nezo nem u kopha e K. 

CjiepcTBHe 2. Ilycmu none K l+ i eemu Keadpamunnoe pacuiupenue uoaa K = 0,... ,n, a mhozo- 
HAen P c KOd/xfiuyuenmaMU U3 Kq UMeem cmenenu 3 u He UMeem Kopnn e Kq. Tozda y nezo nem u 
KOpHA e K n . 

npn pa3roBope o poKa3aTejibCTBe h6bo3mojkhocth ypBoemia Ky 6 a c noMOipbio pnpKyjia h jiHHenKn 
(poKa3aTejibCTBO h6bo3mo>khocth TpnceKpiiH yrjia aHajioniHHo) onaTb roBopiiM o npoyedype <fiopMaAU3a- 
yuu, o tom, Kax (J)opMajin30BaTb noHaTne pa3peuiuMocmu ypaenenuA e padunanax, a TaKace pa3pemuM0- 
emu ypaenenuA e neadpamnux paduKaAax. 06cy»cpaeM noHaTne 6amnu (neadpamuHnux) paciuupenuu. 

npepnojioaaiM, hto \J2 BbipaacaeTca nepe3 KBappaTHbie papnKajibi. Torpa cym,ecTByeT penonKa nojieft 
Kq = QC K 1 C . . . K n TaKIIX, HTO 

. \[2 G K n , 

• Ki ecTb KBappaTiiHHoe pacnnipeHiie nojia i4T,_ \ pjia jno 6 oro 1 < i < n. 

KaK BnpnM, 3pecb ecTb npepMeT pjia ny 6 jniHHoro oScyacpemia, jiiictok iirpaeT BcnoMoraTejibHyio 
pojib. Tohho TaK ace, npn poKa3aTejibCTBe TeopeMbi Py(J)4)HHH-A6ejia Hapo oGbacHaTb ero “4)iijioco(J)ino”, 
a He orpaHHHHBaTbca HaSopoM 3apan. 
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6 CnHTe3 jihctkob h ^Hajiora 


CKa3aHnoe He 03HanaeT, hto (JiopMa fliiajiora jiyurne (JiopMbi jihctkob, — stii (JiopMbi xoponin b pa3- 
Hbix CHTyapiiax: ^najior jiyurne Ha HanajibHbix STanax pa6oTbi KpyxiKa, ocoSemio ^jih 3-5 KjiaccoB, a 
no Mepe pa3BHTHH yueHiiKOB yMecTHO name ncnojib30BaTb TeMaTiiHecKiie jihctkii ,h,jih ynpaxcHemiH b 
caMOCTOHTejibHOH paSoTe hjih ^jih Cflaun 3aneTa. 

H b fliiajiore, h npn juiCTKax ycneniHO paSoTaeT cucTeMa hjhochkob, T.e. ycnexn ynemiKa HaKanjm- 
BaiOTCH, h oh MOxceT cjie^HTb, CKOJibKO njnocHKOB y Hero Ha6pajiocb. Ilpn stom Hynma yMepeiiHOCTb, 
HToObI njHOCHKII, KaK BHeiHHIlH CTIIMyjI K 3aHHTIlHM, He BblTeCHIIJIH TJiaBHOe — BHyTpeHHI-ie CTIIMyjIbl K 
pa3BIITIHO. 

IIojie3HO ncnojib30BaTb pa3pa6oTaHHbie jihctkii ii b im^HBimyajibHOH pa6oTe, h b ^najiore c KjiaccoM. 

HanpiiMep, mojkho ^aBaTb jiiictok Ha rpynny, Tor^a yiem-iKir pemaiOT ero KOJijieKTiiBHO. CocTaBjia- 
iotch KOMaH,a,bi no 4-6 nejiOBeK, KOTopbie nojiynaiOT oflimaKOBbie jihctkii c 3 a,gaHaMH. KajK^bifi njieH 
KOMaH^bi flOJUKeH OTBeTiiTb xoth 6 bi o^Hy 3 aflany. Ha Kanygyio 3 a^any ,n,aeTCH Tpii nonbiTKii, ho OTBe- 
naTb flOJUKen oflira h tot nee nejiOBeK. JI1160 KOMaH^a pernaeT, kto KaKyio 3 a^any 6yn,eT OTBeuaTb, jih6o 
ymiTejib Ha 3 HanaeT, kto otbctiit. 

H. X. P 030 B micaji: “Ectb h flpyrne tfiopMbi pa6oTbi co HiKOjibHiiKaMii. H, HanpiiMep, no “jniCTKaM” 
HiiKor^a He 3aHiiMajiCH — b Rpyxoce H. BaxBajiOBa mx He 6bijio. Ho npiiMeHHjiocb “mohotohhoc” n3y'ieHne 
Teopiiii “no rnaraM” 11 KOjuieKTiiBHoe o6cyjK/i,eHne h,hkjiob TeMaTinecKii CBH3aHHbix 3a^an. Tor^a He to 
hto “jihctkob” He 6bijio — c 6yMarofi 6bijio Tyro, a pa3MH0JKaTb 6bijio npocTO He Ha neM. H Bcer^a npe^,- 
nomiTaji “cTyneHnaTbiii” mcto^ npeno,n,aBaHHH (royneHiie “noflieMOM no jiecTHime”) h ^ance uacTHHHO 
npHMeHHji ero b xo^,e npeno,n,aBaHHH Ha MexMaTe. no MoeMy mhchiiio, stot MeTOfl — coBepmeHHO caMO- 
CTOHTejibHbiii, BecbMa 3c]x|>eKTHBH0 pa3BiiBaiOHi,HH KpeaTiiBHOCTb h floCTOHHbiii cncpnajibHoro pa36opa. A 
caMbiM Bbi^aiOHi,HMCH npiiMepoM peajiH 3 aii,HH TaKoro MeTO^a cjiyxciiT KHiira H. M. HrjiOMa h B. F. Boji- 
THHCKoro “BbinyKjibie cjmrypbi”. /Fpyroii jno6onbiTHbiii npneM h Ha6jiKyi,aji y A. H. KojiMoropoBa. Tanas 
CHCTeMa h cefinac iiHopga npiiMeHseTCH b CYHF(e b xo,n,e uccjieflOBaTejibCKOft pa6oTbi hikojibhiikob” EH- 

Bjiaro^apnocTii. Abtopbi npH3HaTejibHbi B. K). Fy6apeBy, F. A. Mep30Hy, C. B. neTyxoBy, JI. B. P;i,;y 
3iiBiijiOBCKOMy, M. H. XapiiTOHOBy, M. H. Hry^HHy 3a nojie3Hbie o6cy>K/],eHHH. Oco6aa npii3HaTejibHOCTb 
- H. X. Po30By h H. C. Py6aHOBy 3 a njio^OTBopHoe o6cy*yi,eHHe h no^mepjKKy. Pa6oTa noftnepncaHa 
rpaHTOM POOH A 5 14 - 01 - 00548 . 
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